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Rivelac, one of the famous range of J. & N. Industrial 
Finishes, is a product of the highest possible quality—a finish 
you can be proud to use. Durability, attractiveness and 
economy, plus ease of application make Rivelac the choice of 
the discerning manufacturer. 

Remember that Rivelac is a ONE application process, 
priming or undercoats are unnecessary. Rivelac gives a hard 
yet plastic film. Will not easily scratch or chip. Is unaffected 
by sea water. Indeed, there is no better rivelling finish you 
could use—it will stamp your products with the hallmark of 
high quality. 

May we send you an illustrated folder which describes this 
magnificent finish and shows how it can be used on your 


products ? 
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Sponsored Research 


OLLOWING closely on the announcement of the 
kK £250,000 fund for metallurgical research at 

Birmingham University, the promise of a very 
considerable increase in industrial research generally 
foreshadowed at the recent science conference of the 
F.B.I. is good news. It is understood that the Govern- 
ment will, for the next few years at least, undertake to 
sponsor much of the proposed development, but looks 
to British industry to play its part. It is still better 
news that the supreme importance of getting the best 
brains to undertake this vastly enlarged programme 
was clearly realised, and a reform of our educational 
system to enable much larger numbers of our more 
intelligent boys and: girls to reach university status 
was indicated. 

‘the desire to attract students of high intelligence to 
the metallurgical field was undoubtedly the outstanding 
factor of the Mond Nickel Company’s handsome offer 
to various metallurgical institutes jointly of £50,000 
for fellowships in metallurgy. But in the letter making 
the offer to the Institute of Metals, Dr. W. I’. Griffiths 
emphasised the importance of providing the means by 
which the results obtained in the research laboratory 
could be utilised in industry. He indicated that it is 
probably in this direction of application of results 
rather than in that of the carrying out of research that 
Britain has in the past been somewhat behind other 
countries such as America and Germany. Both questions 
that of increasing research and that of securing the 
prompt and effective utilisation of research results, are 
related to a third : that of the availability for executive 
and administrative posts in industry of men able to 
appreciate the technological significance of research and 
its results. It is apparent, therefore, that research 
should be considered on a broad basis and provision 
made accordingly. 

The added attention given to the subject of research is 
all te the good of this country, but usually important 
work is carried out by a group of workers and one of the 
conditions of success is the cultivation of the team 
spirit and other means of checking the devastating 
effects of extreme specialism, and this leads to the 
consideration of what is known as sponsored research, 
in the American sense. It is true that the word 
‘“ sponsored ” in respect to Government aid was used 
in the scientific conference of the F.B.I. mentioned 
above ; but what we have more particularly in mind is 
the kind of research undertaken by the Mellon Institute 
and the Armour Research Foundation in the U.S.A. 
We have nothing quite the same here. 

‘The report of the latter for its ninth year, showing 
remarkable and continued growth, has just been 
published, together with a very interesting little booklet, 
entitled “Yo Our Sponsors” showing how this 
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co-operative research business is worked and financed. 
A copy is available on request to the Foundation, at 
‘Lechnology Centre, 16, Chicago. ‘he report is of par- 
ticular interest, not only because it deals with several 
branches of important metallurgical research, but very 
lucidly illustrates the sponsored idea. It combines 
individualistic enterprise with co-operation in a unique 
manner; and so far from being unduly altruistic, 
provision is made in the various contracts, when required, 
for preservation of patent rights or preserving secrecy. 

For the year ended August 31, 1945, industrial 
appropriations totalled nearly 2,C00,CCO dollars as 
compared with 250,0C0 dollars in its first year. The 
Foundation is a non-profit industrial research organisa- 
tion, including experimental engineering service, working 
for industry, government departments, and the general 
public. Each project becomes the direct responsibility 
of the Foundation itself, and not of any individual or 
section exclusively. ‘The whole resources of the estab- 
lishment and its various divisions are co-ordinated and 
brought to bear on an early solution of the entire 
problem. The number of projects of direct or indirect 
metallurgical interest is considerable. 

In the Chemical Engineering Section metal finishing 
and protective coatings occupy a prominent place. In 
one case, after developing accurate test methods and 
equipment for evaluating metal finishes, the equipment 
has been transferred to the sponsor’s laboratories for 
use in production problems and control. It is planned 
to maintain close contact with this work in order to 
take up the second phase of the programme: the 
improvement of metal finishing materials. The work 
on protective coatings, sponsored by the American 
Chain and Cable Co., of New York, is in its second year, 
and aims to develop coatings which will have both a 
decorative and protective effect. ‘Lhere is, of course, 
nothing particularly new in this; but the range of 
study is comprehensive, and includes the light stability 
of pigments, pigment /vehicle ratios, metal passifiers 
or de-activators, catalysts and other factors. 

In the Metals and Ceramics section considerable work 
is being done on aluminium casting to discover causes of 
pin-hole porosity, for Ebaloy Foundries Inc., Rockford, 
ill., and to reduce this source of trouble ; also to evolve 
a better method of pressure casting, including controlled 
rates of filling metal dies under atmospheric conditions 
which eliminate risk of oxidation. in work on die 
steels for the A. Finkl & Sons Co., the reason for the 
exceptional hardenability of Cu-Pro-Die steel was 
established by means of the ““S”’ curve originated by 
Davenport & Bain; and the curve is being applied also 
to the determination of hardenability in connection 
with the heat treatment of large sections of steel used 
in the manufacture of die blocks and large forgings. 
Other experimental work deals with lithographic grained 
metal plates, electrolytic tin plating, and powder 
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metallurgy. The National Standard Co. has now entered 
its fifth year of sponsored research on fine wire manu- 
facture. Methods of making Bakelite casts of the drawing 
holes of dies have been developed, from which accurate 
measurements can be made of the effective elements of 
wire drawing dies. Statistical studies have been com- 
pleted on the average life span of diamond and carbide 
dies. 


lronfounding 


"THE bottleneck in the building and industrial re- 

conversion plans caused by the lack of iron castings 
has focused attention upon the ironfounding industry, 
a trade which has its beginnings in antiquity many 
thousands of years ago, and is a fundamental factor in 
our industrial structure to-day. 

In spite of the development of other materials, notably 
steel, since 1855, the demand for iron castings rapidly 
and intensively increased from the time of the Industrial 
Revolution. During the years immediately preceding the 
war the output of iron castings amounted to approxi- 
mately three million tons per annum, and it is estimated 
that the post-war demand will reach 3-5 million tons. 

Cast iron has a large number of applications for 
which it is unsurpassed. It is a basic engineering 
material, is extensively used in the power production, 
machine tool, chemical, building and other industries, 
and enters into a wide variety of articles in everyday 
domestic use. Manufacture is spread over 1,750 estab- 
lishments in all parts of the country, and the industry 
employs over 100,000 people, many of whom possess 
to a high degree the craftsmanship in founding which 
has always been a feature of the industry in this country. 

The industry is, in fact, so widespread, and affects 
so many other industries that it has only in recent years 
become conscious of itself as a separate industry using 
its own technique. It has at once the advantages and 
the handicaps of a tradition. Until the first European 
war, ironfounding was pursued very largely on a craft 
basis in individual foundries. Between the wars it 
passed through three major changes which have 
materially altered its character and outlook. First 
within the industry, a process of grouping took place 
as a result of which a number of foundries associated 
themselves into larger units in order to obtain the 
advantages of rationalised production, and to enable 
schemes to be planned beyond the capacity of a single 
foundry. Secondly, methods of continuous or mass 
production which had proved so successful in the 
engineering industry were developed and applied. 
Thirdly, by the application of science, something like 
a metallurgical revolution was accomplished. ‘This has 
resulted in the provision of a means for the much 
closer control of foundry operations, leading to greater 
uniformity, homogeneity and soundness of the product, 
as well as to the development of much improved stan- 
dards of quality. In parallel with this, a policy of 
specification in quality and standardisation of dimen- 
sions has been pursued through the British Standards 
Institution. ‘there are now standards of quality from 
9/24 tons per sq. in. tensile strength, and material may 
be commercially obtained to 35/45 tons per sq. in. 

Among the developments which have taken place 
may be mentioned the production of cast irons with 
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The Foundation itself has sponsored a _ large 
programme which includes further studies on the 
hardenability of steels and the S curve; also alloy 
plating, mainly of copper-tin. A plating bath has been 
studied which permits deposition of copper-tin alloys 
having compositions ranging from pure copper to pure 
tin, and optimum operating conditions have been 
determined. 


special properties for particular applications, non- 
magnetic, corrosion-resisting (including the highly- 
acid-resisting silicon iron), heat-resisting, abrasion and 
wear-resisting ; cast irons of high strength and tough- 
ness, for such purposes as engine camshafts and crank- 
shafts; new applications of centrifugal castings; the 
development of die-cast irons ; the further development 
of chilled rolls and malleable cast irons, all of which 
enlarge the scope and increase the importance of the 
industry. During the war period, the material has been 
successfully applied in a wide range of munitions com- 
ponents, grenades, fuse bodies, smoke and H.E. bombs, 
practice shot, shell, tank-track links, tank bogie wheels, 
mines, etc. Iron castings have also been used in place 
of other materials in short supply, or urgently needed 
for other purposes. 


Within the industry itself substitute materials have 
been developed wholly or in part to replace material 
previously imported or needed elsewhere in the war 
effort, and production difficulties involved have been 
overcome. in the use of fuel, problems peculiar to the 
industry have been overcome, and intensive efforts have 
been and are being made to ensure maximum economy. 
These improvements are based on an active policy which 
should lead to an expanding post-war market and assist 
export trade. 

As part of its post-war policy, the industry is par- 
ticularly desirous of improving working conditions in 
foundries, and attracting suitable workers at both the 
operative and executive levels. It is fostering the 
development of suitable educational courses for all 
grades of workers within the industry. It recognises 
that the industrial prosperity of this country depends 
largely on the production, and particularly on the export 
of goods embodying brains and skill, expressed not only 
in quality, but also in form and design, to a degree 
beyond that of our international competitors. ‘Ihe 
importance of the industry’s export trade is measured, 
not only by the castings exported as such for direct use, 
but, to a far larger extent, by castings used as com- 
ponents and parts of a wide variety of machinery, 
motor-vehicles and other finished products. 


Whether one considers the home or the export markets, 
the importance of the industry is not to be measured 
only by the tonnage which it produces. The different 
processes to which castings are ultimately subjected 
make their final value out of all proportion to their value 
as castings. Even so, the saleable value of iron castings, 
based on a conservative estimate of £30 a ton average, 
when in full production, will be in the region of 
£160,000,000 annually, and, in view of the improving 
quality of the product and the technical advances which 
enable castings of increasing complexity to be contem- 
plated, the intrinsic value of the product will tend to 
expand further. 
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parts of the “ Jeep,” it may be well to describe 

the procedure by which suitable materials have 
been developed. Many considerations entering into the 
choice of materials are common to and fundamental to 
every problem of this nature. 

The starting point in the selection of materials and 
design is the establishment of standards for performance 
under normal conditions of service, for instance as 
regards wear and corrosion. These standards are revised 
periodically to take advantage of improved materials and 
design, and to meet the increasing demands of customers. 
In most vehicles, failures due to actual breakage of parts 
are nowadays relatively rare. However, the problems 
of wear and corrosion will probably remain as long as 
automobiles are built, although their severity is being 
reduced constantly. Among the principal parts in which 
wear is experienced may be mentioned the cylinder bore, 
piston, piston rings, bearings, and gear teeth. Corrosion 
is encountered in paint and metallic coatings applied to 
exposed steel surfaces, in exhaust valve heads, and in 
distributor and spark plug points. 

How much allowance shall be made for abnormal 
conditions of service is also decided at the outset of a 
new design. For instance, decorative chromium plate 
that withstands several years of exposure in normal 
atmospheres may show signs of pitting and rusting after 
a few months in humid, industrial, or salt-laden atmos- 
pheres. During the war, vehicles have been operated 
under conditions far different from those their designers 
originally conceived—mud, tropical heat, arctic cold, 
desert sand storms and, in the Pacific theatre, attack by 
salt water, humidity, and fungi at an almost incredible 
rate. As a result, the life of certain components became 
measurable in days and weeks instead of months and 
years, although in many other respects vehicles per- 
formed satisfactorily nevertheless. 

The ideal of many engineers is expressed in the tale of 
“the wonderful one-hoss shay, that was built in such a 
logical way it ran a hundred years to a day, and then, of 
a sudden, it .. . went to pieces all at once . . . and nothing 
first.’ Such performance by an automobile is however 
neither possible nor altogether desirable. In many 
instances, materials required to reduce wear and corrosion 
to the point where they remain negligible throughout 
the anticipated life of the vehicle are unavailable, im- 
practicable, or detrimental to performance in other ways. 


B an discussing the metallurgy of individual 
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The Metallurgy of 
the Jeep 


By ROGER F. MATHER 
Chief Metallurgist Kaiser-Frazer Corporation. 


One of the symbols of World War II is the 

vehicle designed and built by Willys-Overland 

for the United States Army, designated officially 

as the }-ton, 4 x 4, Command Reconnaissance 

Truck, and commonly called the Jeep (for 

reasons somewhat obscure). A description of 

its metallurgy is of interest because this vehicle 

has sometimes been called the most satisfactory 

of its kind ever produced in the United States, 

and little change in design has been required 

even after years of field experience. Although 

every automobile producer shows individual 

preferences in selecting materials, this article 

should be of added value because the metallurgy 

of the Jeep is fairly representative of current 

American practice. 

On the other hand, there is no objection to using materials 
of indefinite life in those cases where performance or 
cost are not impaired. It is commonly said that good 
engineering represents a compromise between perform- 
ance and cost. This is necessarily true of some general 
features of design but, once these have been determined, 
the details must be worked out so as to give satisfactory 
performance without compromise. 


Materials versus Design 


Whether materials or design should be determined 
first is as debatable as whether the chicken preceded the 
egg, or vice versa. One factor is an implicit function of 
the other in the equations for computing final cost and 
performance. However, it may be stated that most 
parts are originally designed with a definite type of 
material in mind. But if later experience shows a part to 
have insufficient or excessive strength, then the material 
may preferably be modified for the sake of interchange- 
ability and to avoid retooling. If the strength is in- 
sufficient and no better materials are available, an entire 
redesign may be necessary. Materials and design are so 
closely related that when a design is modified the 
advisability of making a simultaneous change in materi- 
als cannot be overlooked ; a higher grade of material 
may be réquired or a lower grade permissible. 

Perhaps the most common value for allowable working 
stresses in automotive parts is one-third to one-half the 
yield strength, depending on the factor of safety re- 
quired. The fact that the endurance limit of steel is. 
about half the tensile strength is of lesser importance : 
the influence of stress raisers is difficult to determine, 
and few parts are required to withstand 10,000,0C0 
cycles of maximum stress during the life of the vehicle.* 
Particularly in the more critical parts, calculations often 
serve merely as preliminaries to extensive testing. In 
every case the problems of fabrication are also impor- 
tant, and in some instances predominate. 

Experimental stress analysis affords a valuable means 
of checking and supplementing stress calculations, and is 
particularly applicable where the factor of safety is 
small. The principal tools are photo-elastic models, 








brittle lacquer coatings, and electrical resistance and 
magnetic induction strain gauges. In using the results 
of both the experimental and mathematical methods, 
allowance is made for the residual stresses resulting from 
production processes. Casting, welding, machining, 
cold working, and all types of heat-treatment generally 
cause a certain amount of residual stress. Those that 
result in compressive stresses on the surface of the part, 
such as the nitriding and shot blasting of steel and the 
toughening of glass, serve as valuable methods for im- 
proving strength. 
Testing 


After standards of performance have been established 
and tentative materials and design selected, many parts 
and assemblies are tested before production is begun. 
The amount of testing required is proportional to the 
departure from previous practice and to the importance 
of the component. Since vehicles are designed for many 
years of life, testing under average service conditions is 
usually infeasible, even though it is the ultimate criterion. 
Therefore proving ground, dynamometer, and other 
simulated functional tests are established and correlated 
with service reports. For instance,Willys Overland tests 
engines and their components by running them on a 
dynamometer stand continuously for 100 hours at full 
throttle and 4,400 r.p.m., which corresponds approxi- 
mately to driving a car 7,000 miles at 70 m.p.h. without 
stop. Additional tests are frequently needed for indivi- 
dual engine parts. A further step in reducing the time 
of testing is the correlation of the functional tests with 
the calculated stresses and physical and chemical proper- 
ties of the material. 

In all kinds of testing, the types of failures produced 
must resemble those experienced in service. If a test 
shows failure of a steel part due to impact, a decrease 
in hardness is indicated ; but if the service results show 
a fatigue failure, an increase in hardness is more likely 
to be the remedy. Experience and imagination are 
needed in order to establish tests representative of all 
the conditions likely to be met in service. 

Considerable danger may be encountered in accelera- 
ting endurance tests too greatly. For example, a con- 
tinuous run at high speed may evaluate engine main 
bearings for fatigue strength, but will not reveal the 
susceptibility of the bearings to corrosion resulting from 
increased acidity of the oil under the more usual condi- 
tions of intermittent driving. Again, testing for corro- 
sion resistance by means of the salt spray cabinet does 
not always give a true picture of service life. Fatigue 
tests must generally be repeated at least three—and 
frequently more—times under identical conditions, on 
account of the large variations in results from one test 
to another. The simultaneous testing of related factors 
must be avoided. For instance, in comparing two 
_ transmission gear steels by means of performance tests, 
the designs, surface finishes, lubricants, and other 
pertinent factors of the transmissions must be identical. 

Often materials rather than factors of design, process- 
ing, and assembly are made the scapegoat of failures 
encountered on testing and in service. As a result, more 
expensive materials have been substituted without good 
cause. One authority has stated that in his experience 
only one out of ten such failures could be traced to 
metallurgical factors of any kind. Both satisfactory and 
unsatisfactory parts are worthy of examination after 
testing for conformance to material specifications. 
Magnaflux and similar methods for checking experimental 


parts before installation are recommended in some cases 
in order to detect surface and subsurface flaws, even 
when such inspection is not intended in production. 

After production of a new vehicle has been begun, 
service reports must be carefully evaluated and any 
necessary modifications made. In this way vehicles are 
gradually evolved over a long period of time. The 
largest truck operator in the United States, using trucks 
of many different types, states that he requires at least 
two years to estimate the value of a new model. More 
often than not, refinement of an existing design is 
preferable to changing to one radically new, and the 
latter should only be adopted after the possibilities of 
the former have been thoroughly explored. Changes in 
materials are among the most profitable lines of investi- 
gation in attempting the refinement of proven designs. 
As far as the Jeep is concerned, no changes of importance 
have been made in materials since its inception except 
those required by the unusual conditions of war-time 
service, such as attack by fungus, and those due to 
substitutions occasioned by shortages in the original 
raw materials, particularly tin, cadmium, ferro-alloys, 
and natural rubber. 

Material Specifications 

Satisfactory performance cannot be achieved by 
proper design and selection of materials alone, for they 
must be supported by adequate inspection. Indeed, in 
certain other products inspection is considered at least 
as critical as engineering. ‘The amount of inspection 
needed depends on the control exercised over processing 
operations. Conversely, inspection data are used as a 
guide to the necessity for process control. 

The inspection of materials is governed by specifica- 
tions, which are of two kinds. Process specifications 
describe the operations to which parts shall be subjected, 
and are generally confined to those instances where the 
responsibilities for processing and performance are 
unified. Property specifications describe the character- 
istics required in the finished part, and are advantageous 
where the responsibilities for processing and performance 
are divided, as for instance between manufacturing and 
engineering divisions or between supplier and customer. 
For this reason the latter type is preferred by Willys- 
Overland. Property specifications have the advantage 
of allowing maximum flexibility of processing while still 
insuring proper performance. For instance, the desired 
combination of strength and ductility on most hardened 
and tempered parts is best obtained by specifying the 
final hardness, rather than the tempering temperature. 
On the other hand, process specifications on engineering 
drawings are justified where no practicable means exists 
for checking finished parts for required properties. For 
example, carburised gears are tempered at about 300°- 
400° . after hardening, chiefly in order to remove 
stresses caused by quenching. Measurements of these 
residual stresses would be impracticable to make in 
production. ‘he hardness is decreased slightly by the 
tempering operation, but the average tempered hardness 
is no less than the lowest quenched hardness. Therefore, 
a hardness specification is unsuitable for detecting 
whether the tempering operation has been properly 
performed. As a result, a process specification stating 
that the gears must be drawn at, say, 350°-400° F. is 
warranted in this instance. Process and property specifi- 
cations should never be used simultaneously for the 
same property on the same part, because only one is 
necessary and the two may conflict. 


METALLURGIA 








ao @°sS 


co 


2B 8 ee eo 


“— 


a2Re <BR oor & ® 


ao 








A performance specification is a variety of property 
requirement that applies to finished parts and assemblies, 
and consists of an accelerated life test under standard- 
ised conditions. Unless greatly accelerated, as in the 
case of the salt spray test, the length of time required 
is too great for inspection purposes. ‘This type of 
specification is therefore only used when the properties 
are intangible and otherwise difficult to measure. In 
this event all sources are approved before production is 
begun, and spot checks are made during production. 
The approval of each source for a given part, though 
sometimes necessary, is undesirable because it restricts 
the purchasing department. Performance specifications 
are little used in connection with parts made from 
ferrous materials because performance and properties 
have been well correlated. ‘their use in connection with 
some non-ferrous metals, particularly bearing and 
bushing materials, is more extensive. ‘ltheir greatest use 
is in the field of non-metallics, chiefly plastics and rubber. 
In many instances the physical properties of rubber 
parts—such as hardness, tensile strength, elongation, and 
the adhesion of bonded parts— do not correlate well with 
performance. Even where they do, test specimens often 
cannot be cut from the part for inspection purposes, and 
molded test specimens of the same material cured with 
the parts possess different properties. ‘Therefore, per- 
formance testing is being applied on an increasing scale 
to such parts as fan belts, radiator hose, oil and fuel 
hose, hydraulic brake hose, engine mountings, and axle 
bumpers. 

Specifications should generally include only the 
minimum number of properties required to insure proper 
performance. However, in some instances the substitu- 
tion of properties not in themselves essential is justified 
for the sake of simpiifying and expediting inspection and 
production control. As an example, tensile strength is 
not important in a part to be loaded in compression, but 
affords a suitable means of checking that the material is 
satisfactory. ‘he same is true of elongation in the large 
number of applications where even a small amount of 
permanent extension would so interfere with adjacent 
parts as to ruin the assembly entirely. Hardness too is 
a property not often critical in itself, because relatively 
few parts fail on account of low indentation resistance. 
However, the hardness test is easily made, and the 
results have been correlated with strength and wear 
resistance. , 

An important function of specifications is to inform 
the supplier of the customer’s needs. In certain instances 
such as deep drawn parts, some properties of the material 
are left to the discretion of the supplier, in which case he 
requires information regarding the fabrication and 
functioning of the part and assumes some responsibility 
in these respects. Another purpose of specifications is to 
help the purchasing department in developing optional 
sources of materials. 

Until the beginning of the war, Willys-Overland used 
their own specifications for almost all engineering 
materials except paints, which were purchased according 
to brand names. ‘These specifications were relatively 
long and detailed, and were submitted to prospective 
suppliers as separate sheets. Since that time, the com- 
pany has made a practice of using the most universal 
specifications published for each type of material, which 
has greatly helped the problems of availability. ‘The 
specifications are short enough to be placed on each 
individual drawing, so that separate sheets are no longer 
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required. As far as possible, indefinite requirements 
such as “ must be clean”’ and “ must show suitable 
ductility ” are excluded from the material specifications, 
which are confined to properties subject to quantitative 
evaluation. Instead the indefinite requirements are 
covered by the purchase order stating that properties 
not otherwise specified must be suitable for the intended 
application. 

in some cases, the specifications are drawn up by 
individual or groups of suppliers. The principal example 
is steel, for which the specifications of the American Iron 
and Steel are now used by Willys-Overland. Most 
manufacturers ceased using their “private” steel 
analyses— at least for the duration—about 1941, and 
adopted the A.I.8.1. or virtually identical S.A.E. grades 
in their place. In this way the number of different 
grades was reduced from about 4,000 in 1240 to about 
150 in 1941, although the 3,850 grades excluded had 
amounted in 1940 to only 6% on a tonnage basis. Some 
automobile manufacturers prefer the S.A.E. specifica- 
tions, since they believe that these are more under their 
own control and cannot be changed without their con- 
sent. While this is a most important consideration, 
Willys-Overland anticipates little difficulty in this 
direction since the automobile industry is one of the steel 
industry's best peacetime customers, and no significant 
change would probably be made without their being 
consulted by the A.I.S.I. Such co-operation was re- 
cently illustrated in a change in the chemical composition 
of Bessemer screw stock. Further examples of the use of 
suppliers’ specifications are aluminium, purchased 
according to the Aluminium Company of America’s 
specifications, and materials used in bearings and bush- 
ings, most of which are proprietary alloys. 

Other materials are purchased according to specifica- 
tions drawn up by individual or groups of consumers. 
In addition to the S.A.E. steel and Willys-Overland 
specifications cited above, S.A.E. specifications for 
practically every type of automotive material may be 
mentioned. Specifications issued by government agen- 
cies also come under this heading. 

Generally speaking, the most satisfactory specifications 
are those in which both customers and suppliers have 
been consulted. ‘This is usually the case in the specifica- 
tions issued by the S.A.E., American Standards Associa- 
tion, and American Society for Testing Materials. 
Customers and suppliers are represented in equal num- 
bers on the sections comprising the 8.A.E.-A.8.T.M. 
Committee on Automotive Rubber, and the specifications 
drawn up by this group have met with widespread 
acceptance. 

In the absence of more. generally recognised paint 
and lubricant specifications, Willys-Overland is now 
using its own standards in place of the brand names 
previously employed, although purchases are still 
restricted to approved sources. ‘the extent to which such 
specifications are used should be keyed to the volume of 
business, which must be sufficient to offset the cost of 
establishing the specifications, finding approved sources, 
and testing in production. 

‘The remainder of this article willdeal with the metal- 
lurgy of some of the more important parts of the Jeep 
grouped according to type of material. The difference 
between the military and civilian versions of the Jeep 
are almost entirely confined to features of design, so that 
in discussing materials little distinction between the two 
vehicles need be made. 
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Sectional illustration of the Jeep engine. 


Plain Carbon Steel Forgings 

The principal plain carbon steel forgings are the 
crankshaft and connecting rod, which are respectively 
made of 1,040 (0-40°%, carbon, 0-75°, manganese) and 
1,141 steel (0-40% carbon, 1-50°, manganese, 0-10% 
sulphur). Plain carbon steel is adequate for the crank- 
shaft largely because it is designed amply in order to 
afford sufficient rigidity, so that stresses are relatively 
small. The steel is shallow hardening, but this is un- 
important because the part is stressed chiefly in torsion 
and bending, resulting in low stresses at the centre. It 
may be mentioned that some metallurgists believe that 
high strength at the centre is desirable even when torsion 
and bending stresses alone are present. A mean carbon 
content of 0-40°%, is required to secure sufficient harden- 
ing on quenching, but a further increase would lead to 
more difficult machining and to lower ductility after 
tempering to the required hardness. The connecting rod 
steel has been tried for the crankshaft, but the improve- 
ment in machinability did not justify the extra cost of 
the material. Alloys are not required for the connecting 
rod mainly because its small cross-section assures 
thorough hardening without their use; although the 
part is stressed chiefly in bending, the design requires 
thorough hardening. The large amount of machining 
in relation to the weight justifies the use of free machining 
steel. 

The crankshaft is successfully quenched in water in 
spite of the relatively irregular shape and high carbon 
content. ‘he combination of design and materials of 
the connecting rod both permits and requires its quench- 
ing in oil. Both parts are tempered to about. 210-260 
Brinell hardness. Chief concern of the engineering 
division is seeing that minimum hardness requirements 
are maintained, since there is no danger of brittleness. 
Vhe machining department prefers the better machina- 
bility afforded by the low side of the hardness range. On 
the other hand, the heat-treating department prefers the 
high side of the range, because pieces that are too hard 
need only be re-tempered, whereas pieces that are too 
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soft must be both re-hardened and re-tempered. The 
manufacturing division may balance these latter factors 
as it sees fit, and may accordingly aim at a restricted 
hardness range within the overall limits specified. The 
locations at which the hardness readings are taken are 
also stipulated, because the hardness varies considerably 
from one cross-section to another and from surface to 
centre. Although the surface hardness could be obtained 
by normalising with the aid of an air blast, hardening and 
tempering afford deeper hardening and greater yield 
strength, ductility, and impact strength. 

The use of cast steels for crankshafts in some engines 
has led to the belief that impact strength is not needed 
for these parts. However, tests of the Jeep engine show 
that forgings are more satisfactory, and a minimum 
Charpy value of 25 ft./ib. is therefore specified. The 
requirements for toughness apparently depend on the 
particular engine. ‘the large variation in the results 
when using the triple-notch Izod specimen has led to a 
preference for the Charpy keyhole specimen, at least for 
production testing. 

In addition to hardness and impact strength, the 
minimum tensile strength, yield strength, elongation in 
2 in., and reduction of area were originally specified on 
both the crankshaft and connecting rod. Maximum 
values were not restricted, since the minima for strength 
and ductility assured that a proper balance between the 
two factors was obtained. ‘lhe disadvantage of this 
system was that high tensile strength together with low 
yield strength and ductility resulting from inadequate 
heat-treatment could still meet the specification in some 
cases. 

Therefore the method of specifying physical properties 
of both parts has been revised so that only maximum and 
minimum values for tensile strength, together with mini- 
mum values for yield: tensile ratio and “p”’ factor, 
are now specified. The “ p ” factor is defined as (Tensile 
Strength /1,0C0 + 6 x Reduction of Area) /5; like the 
yield ratio, it is more or less independent of the temper- 
ing temperatures, and is a good measure of the response 
of the steel to heat-treatment. Values for these specifica- 
tions are determined by frequency distribution curves 
on production parts. Since true random distribution 
curves always show a small percentage of maximum and 
minimum values, the specifications are made more 
effective by permitting one sample in each lot to fall 
outside the specified range providing that two additional 
samples both meet the specification. 

‘Lhe method of taking the test bar tor tensile properties 
is also a part of the specification. For the crankshaft a 
coupon is cut from the front end after heat-treatment, 
while for the connecting red a length of 1 jin. round stock 
is forged to } in. square and heat-treated with the parts. 
If the cross-section of the coupon is sufficiently large 
hardenability becomes one of the predominant factors 
affecting the results. However, the primary purpose of 
the tensile test is considered to be the checking of the 
heat-treatment, because steel is generally purchased on 
the basis of chemistry alone ; if hardenability is also 
specified, it is measured by the Jominy test. For this 
reason a relatively small cross-section is preferred, 
providing the limitations of the results are fully realised. 
Microstructure and as-quenched hardness are further 
suitable means of checking the heat-treatment, but they 
too may be affected by hardenability. 
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OR successful service at elevated 

temperatures and high stresses, 
steels should meet the following quali- 
fications, to a degree varying with 
service conditions and design. 

(1) At ordinary temperatures stay 
bolt material should have a high yield 
limit and considerable strength. 

(2) Toughness at higher tempera- 
tures should be adequate. 

(3) General deformation during the 
initial creep should be at a minimum. 
The rate of the subsequent creep 
should be much smaller under higher 
stresses. 

(4) Steel for stay bolts should not 
be subject to temper brittleness. 

(5) Steel quality acquired by heat- 
treatment should not be reduced in 
operation at higher temperatures. 


* From ASfal., 1943, Nos. 3 to 4, 12-47, and 








Creep Resistant Alloy Steels 


By S. E. Wolfson and M. P. Myahkov 


The selection of steels for high temperature service provides many engineers with problems 
of a complex character. 


It is well known that steel maintains comparative permanence 


In the petroleum industry and for 
boilers at temperatures below 707° F. 
and at pressures lower than 20 atmos- 
pheres, carbon steels, ST4 and ST5 
(see Table I for chemical analyses) 
have been used for stay bolts with 
considerable success. At higher tem- 
peratures or stresses, low alloy steels 
have been found to be superior. 

Among the special steels for stay 
bolts, chromium-nickel steel containing 
0-25 to 0-45% C, 0-5 to 1-5% Ni 
and 0-5 to 0-75% Cr is very widely 
used.!:*= However, the application of 
this steel for bolts even at 
tively low temperatures (752° F.) 
proved that it does not meet the 
necessary requirements. There were 
failures when the steel was cold and in 
order to ensure reliable joints during 
working, strapping had to be resorted 
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TABLE I.—CHEMICAL COMPOSITION AND MECHANICAL CHARACTERISTICS 
Heat- 
Chemical Analysis, °% Treatment 
0Q Oil Quench rensile 
Steel Symbol — » T Tempering Strength 
AC Air Cool Ib. 
Cc Mn si Ni Cr Ww Mo Vv oc Oil Cool sq. in. 
| Fc Furnace Cool 

{arbon - sT4 0-28 | 0-64 0-25 | As rolled : 72,000 
Carbon ST5 0-36 | 0-53 | 0-19 As rolled 77,000 

C8i A4XC | 0-36 1-20 1-30 0Q/ 1620 | 
Ci | O-45 | 0-40 1-60 1-60 T.OC/ 1020 133,000 
(r-Si-Mn AE179 0-32 1-08 | 1-04 | 0-21 | 0-93 0Q/1620 T,AC/1110 |121,500 
OMn-Si-Mo | EZ 0-37 | 1-93 | 1-47 0-35 T,0C/1260 113,500 
@Mn-Si-Mo | EZ O-37 | 1-93 | 1-47 | 0-35 — | O0Q/1580 1/1020 156,000 
Mn-Si-Mo | EZ 0-37 | 1-93 | 1-47 | O0Q/1580 T/570 225,000 
(Mo 30XMA “0-23 - 0-93 0-26 | 0Q/1620 T,OC/1110 | 120,000 
(t-Mo 35XMUA | 0-33 | 0-42 | 0-30 | 0-35 | 1-62 0-58 * AC/1740 T,FC/1200 | 113,000 
Al 0-44 3-31 | 1-38 — | 0Q/1740 T,AC/1065 | 149,500 
AXTB 0-44 0-59 0-36 0-34 0-88 0-20 | O0Q/16.0 T,AC/1110 96,000 
a “AEIO 0-24 | 0-50 | 0-31 | 0-15 | 1-70 0-25 | 0-30 | OQ/1620 T,OC/1200 | 166,000 
A5XMF | 0-44 | 0-40 | 0-27 - 1-40 0-46 | 0-26 | 0Q/1620 T,OC/1200 | 126,000 
> A18 0-21 _- - 3-61 1-28 1-08 . 0Q/1560 T.OC/1070 | 129,500 
Al4 0-21 | 0-35 | 0-25 | 3-96 | 1-06 - 0-29 | OQ/1560 T,OC/i080 | 127,000 
(r-Ni-Mo | Al8SM “0-22 0-34 | 0-37 | 4-27 } 1-51 — 0Q/1560 T,FC/1200 | 159,900 
(r-Ni-Mo AES4 0-38 | 0-45 | 0-25 | 1-43 | 0-72) - - 0Q/1560 T,AC/i070 | 101,900 
(r-Ni-Mo ASXNM 0-65 - 1-59 | 0-71 — — 0Q/1510 T,OC/1110 | 155,000 
(r-Ni-Mo A420 0-42 | 0-37 | 0-30 | 4-33 | 0-70] - 0Q/1830 T,FC/375 \ | 158 59 

T,OC/t1e0;)°"™" 
*1-21Al 
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OF VARIOUS CREEP RESISTANT STEELS. 


Elastic | | 
Yield Limit Elonga- | Reduc- | Brinell | Impact 
Point |(0-01°%) tion | tion Hard- | Strength 
Ib. Ib. 1=10d Area ness Ft.-Ib./ 
sq. in. sq. in. » 4 % } sq. in. 
| | 
46,500 | 38,500 | 27-8 4 | 153 | 396 
46,500 | 35,000 24-8 52 156 298 
. . 
117,500 |112,000 | 12-7 s7-6 | 240 | 364 
| 102,04 0 |88,000 | 14-8 | 65-9 | 231 | 438 
97,500 | 69,000 16-1 60-8 | 220 | B82 
140,060 | 100,000 9-8 18-6 300 | «6233 
192,000 | 116,000 8 48-1 380 | 91 
106,000 | 104,000 11-5 65-0 220 | if 715 
90,000 | 86,000 15-0 64-2 | 230 | 793 
1 140,000 | 137,000 | 9-9 62-7 | 298 
51,000 49,500 21-4 | 54-0 177 
| 152,000 | 144,500 | 7-5 | 54-7 730 
114,000 | 113,000 10°5 62-7 564 
| 110,500 | 107,000 18-6 68-0 6R1 
105,000 | 93,000 14-7 63-6 247 
136,000 | 129,500 10-2 | 63-3 662 
53,000 | 51,500 | 17-0 39-1 189 
148,500 | 144,500 | 9-5 52-2 634 
85,500 49,500 9-2 33-2 — 289 


of properties and dimensions at atmospheric and moderate temperatures, but, where high 
temperatures are concerned and the metal is subjected to intermittent heating and cooling, 
as in high temperature steam plant, the phenomenon of creep must be considered. 
subject has been given considerable study: «a more recent investigation on the behaviour 
of alloy steels at prolonged high temperatures has been carried out and reported* upon 
in Russia, the main results of which are given in this article. 
that the addition of molybdenum to steel imparts high heat strength. 
similar effect on alloy steels but to a lesser degree. 


The 


The investigation shows 


Vanadium has a 


in 
on 


loosened time due to increased 
strain the bolts. Laboratory 
research showed that chromium-nickel 
steel has an even higher heat stability 
at 707° F. than has a carbon steel, 
but also that chromium-nickel has a 
higher temper brittleness than carbon 
steel. Consequently, there has been 
a tendency to use other steels for stay 
bolts, especially containing 
molybdenum. 

The two following compositions are 
recommended for molybdenum steeis : 


those 


Ni Mo 
0-4-0-6 


0-6-0-8 


Cc cr 
4-0-5 1-0-—1-5 


O-28-0-35 O-5-0-7 2-3-2-8 


These steels have been found to give 
very good service even at 1,004° F., 
stresses, however, were not excessive. 

Creep resistance was the primary 
criterion in the selection of steels for 
a series of laboratory experiments. 











Table I shows the various steels used, 
their chemical composition, heat-treat- 
ment and mechanical properties. Since 
the material was to be used at high 
temperature, tempering was performed 
at correspondingly high temperatures, 
usually about 212° F. higher than the 
working temperature. To a certain 
degree this guarantees the preservation 
of qualities imparted by heat-treatment 
when working conditions expose the 
steel to considerable temperatures. 


Strength at High Temperatures 


Steel ST5, a plain carbon steel, has 
the lowest tensile strength. Steel 
A4XC, a chromium-silicon alloy, and 
steel AE179, a chromium-silicon-man- 
ganese steel, have high tensile strengths 
up to 842° F. and then suffer a sharp 
decline so that steel AE179 at 1,112° F. 
has almost the same tensile as the 
carbon steel ST5. 

Chromium-molybdenum steel 
30XMA and chromium-molybdenum- 
aluminium 35XMUA in the tempera- 
ture range of 572° to 842° F. have a 
lower tensile strength than steels 
A4XC, AE179 and Al0. However, at 
higher temperatures their tensile values 
are greater, that is, this latter group 
of steels has a higher heat strength. 
(See Fig. 1.) 

Chromium-nickel steel Al0 has a 
rather high tensile up to 752° F. 
Beyond that temperature it decreases 
sharply approaching that of carbon 
steel at 1,112°F. An addition of 
1-08% tungsten to the chromium- 
nickel steel greatly increased the 
tensile strength in the temperature 
interval between 752° and 1,112° F. 
Thus, tungsten has a beneficial effect 
on the heat stability of chromium- 
nickel steel at higher temperatures. 
Where 0-29% vanadium is added to 
the chromium-nickel steel AE14, the 
strength of the steel is only slightly 
improved in the short-term test. 

In the chromium-nickel steel, molyb- 
denum increases the strength of the 
steel at higher temperatures, especially 
above 932°F. With molybdenum 
(steel A20) the tensile strength increases 
over the temperature interval between 
932° and 1,112°F. 

The yield limits between 0-01 to 
0-2% (Figs. 2 and 3) characterise to 
some degree the deformation of the 
steel at higher temperatures. These 
limits, therefore, can be useful in the 
comparative appraisal of steels to be 
used under high stresses at high tem- 
peratures. 

Chromium-vanadium steel AXTB 
has a low tensile strength throughout, 
while chromium-molybdenum-vana- 
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Fig. 1.—Tensile strength as a function of temperature. 


dium steels AE10 and A5XMF have 
high values up to 1,112° F. 

Steel ST5 has a somewhat lower 
yield limit in the temperature interval 
between 68° and 932° F. At 1,112° F. 
the yield limit of 0-01% is the same 
in the carbon steel ST5, in Cr-Ni steel 
Al0 and Cr-Si-Mn steel AE179. In 
the temperature interval between 68°‘ 
and 932° F. steels AXTB and AES84 
also have low yield limits. At 1,112° F. 
however, the yield limits of these 
steels exceed the analogous limits of 
carbon steel approximately 1-7 times. 


intervals so far studied. Steels 
A5XMF, A5XNM and AI8M up to 
932° F. also have high yield limits but 
not as high as they are in the steel 
AE10. At 1,112° F. steel ASXMF has 
the highest yield limit. 

Comparatively high yield limits are 
found in 30XMA and 35XMUA in all 
temperature intervals. Steel A20 has 
a rather low limit of 0-01% up to 
752° F., high at 932° F. and still 
higher at 1,112°F. The last faet 
shows once again that with increase of 
molybdenum there is a higher heat 
stability in alloyed steels. 
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Fig. 2.—0.01% yieid limit as a function of temperature. 
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the steels studied at elevated tempera- 
tures was found to be rather high (not 
more than 45 ft.-Ib. per sq. in.). With 
the increase of temperature from 572° 
to 752° F. the impact strength of these 
steels increases, dropping to a mini- 
mum at 932° F. and again increasing 
when the temperature rises further. 
§teel AE84 is an exception. 

Steels AE10, Al18M, 35XMUA, 
A5XNM, A5XMF, Al8 and 30XMA 
have a high impact value at —51° F. 
This is especially important where 
there is a danger of creep taking place 
at ordinary temperatures. Special 
precautions against extreme cold have 
to be observed in these cases. Steels 
Al4, AE84, AXTB, Al0 and A4XC do 
not have this important quality. 

Creepage of the steels studied was 
compared at a constant temperature 
of 887° F., and under a load of 17,000 
ib. per sq. in. The results achieved 
are given in Table II which shows 
that steels A20, AE10, A5SXMF and 
30XMA offered best creep values; 
steels 35XMUA, Al4, AI8M and 
A5XNM following, and steels A10, 










































































AE179, AXTB and ST5 do not have 
sufficient creep resistance at about 
887° F. 

Impact strength “ as received ” and 
after a prolonged heating has a 
considerable influence on the creep 
resistance of metals. It has been 
shown throngh experimentation that 
the temper-brittle area depends en- 
tirely on the temperature and not on 
the stress within the limits of per- 
missible stresses when there is no 
intensive plastic deformation. There- 
fore, experiments to establish temper 
brittleness were carried out without 
applying stresses. Steels were heated 
and cooled successively about 80 times 
in order to estimate better the strength 
of the stay bolts. Small Charpy test 
pieces to check temper brittleness were 
heated for 1,000 hr. 

Experiments were carried out at 
temperatures of 617°, 752°, 887° and 
1,022° F. (see Fig. 5) in which the 
change of impact strength and harden- 
ing after treatment was also noted. 
The hardness shows to what degree a 
prolonged exposure to high tempera- 
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tures can change the qualities acquired 
by tempering. Evidently that steel 
which preserves its original qualities 
right up to the tempering temperature 
will be the best suited for work at 
elevated temperatures. 

Fig. 5 shows that steels AE179, Al8 
and Al4 are pronouncedly inclined to 
temper brittleness. Prolonged heating 
at 617° F. of steel Al0 lowered its 
impact strength by about 30%, that 
is, it showed its inclination to temper 
brittleness. At higher temperatures 
and prolonged heating the impact 
strength greatly increased compared 
with the original strength. Parallel to 
the increase of impact strength, hard- 
ness lessened, that is, the steel became 
softer and changed its properties, 
including impact strength. 

Steels 30XMUA, AXTB, AE10, 
A5XMF, A18M, AE84, A5XNM and 
A20 keep their impact strength even 
after prolonged heating. The tem- 
perature limits for prolonged heating, 
at which the original hardness is pre- 
served, varies for the different steels 
and especially for those in the last 





TABLE Il.—CREEPAGE OF STEELS AT 890° F. AND STRESS OF 17,000 Ib, per sq. in. 
Steel STS AE179 |30XMA |35XMUA| ALO AXTB | AEIO | ASXMF | At8 Ald AI8M | AES | ASXNM| A20 
% of permanent ri by ig oP 
deformation after 
206 hr. of work 0-8100 0-390 00-0170 0 -O494 1-03 0-155 0 -0098 0 -0669 0-094 0-091 0-049 0-135 0-106 0-160 
°, of creepage rate ' “e ‘3 | a 
on the sample from | 
100-200 hr. 83-1075 97-1075 5-1075 98-1075 | 225-1075 | 25-1075 7-10-5 | 3-10°5 30-10°5 14-1075 | 26-10-5 16-1075 17-10-* 2-10°5 
—_— $$$ — —— _ — — — ae — ——————— ————— ——— | 
group. (Table III). Thus, steels 
mo 120 . ‘m6 30XMA, 35XMUA, AXTB, Al4, AE84, 
— bie A5XNM, A20 and AEI0, that is, steels 
am 110 ie 10 156420 alloyed with either molybdenum or 
————— vanadium or both, keep their original 
mm Wor 42,200 qualities after prolonged heating. 
‘ From the data given it is evident 
mao 90 < . 2980 that the effect of heat treatment for 
a E ¢ the-majority of these steels is pre- 
m0: 00t-S ¥ 11360 ¢ served, if the working temperature of 
: &. & & metals is 212° F. less than the temper- 
5 0} Ne a "30 £ ing temperature. 
A ee ee = am* Conclusions 
~o Xx 3s ‘. 
= 5 oe 2 In comparing the results of the 
- = al 3 11,100 experiments, it was found that high 
5 5 temperature strength, creep strength, 
M4 «= freedom from temper brittleness and 
Bao 56,880 s . ~~ . 
3 preservation of qualities acquired 
ey ne 12.660 through heat-treatment at 842° to 
hen 1,022° F. is found in steels AE10 and 
a DN nau ‘220 between 662° and 1,022°F. in 
4" 840 steels 30XMA, ASXMF and A1l8M. A 
satisfactory combination of mechanical 
- © eon properties is achieved in steels ASX NM, 
Al8 and 35XMUA; _ but the other 
P % 100 3000-50000 ° specifications are preferred because 
oe 2 2 ee e we wf& es me We they are more stable and are not at 
Temperature,deg.F. Temperature, deg. F. all inclined to temper brittleness. 


Fig. 3.—0.2% yield limit as a function of temperature. 
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(Steel Al8 has a great tendency to 
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temper brittleness after a prolonged 
heating at 887° F. when its tensile 
strength is reduced by 53-5%.) 

Steels A4XC, A/179 and Al0 do not 
preserve the mechanical characteristics 
obtained by heat-treatment in pro- 
longed heating at temperatures higher 
than 752° F., with which feature their 
high creep is probably connected. 
Steels AiO and AEI79 are pro- 
nouncedly inclined to temper brittle- 
ness. ‘Lhese steels should not be used 
for bolts as such; perhaps they can 
act as substitutes for carbon steel up 
to 662° F. in high tensile flange con- 
nections where it is important to place 
a sufficient quantity of carbon steel 
bolts. 

(1) Steel STS can be used for stay 
bolts satisfactorily up to 662° F. in 
applications which are not highly 
stressed. 


Tempering 
‘Temperature 
Deg. F. 
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chromium - nickel 
(Al0 type and 
others) steels 
A4XC and AE179 can be used. 

(3) Steels AE10 and A20 can be 
used under stress up to 1,022° F. The 
former is preferred, as it is cheaper 
and more easily machined. 

(4) Steel 30XMA can also be used 
up to 932° F. It may be replaced by 
A5XNM, 35XMUA, AI8M, A5XMF, 
but these steels are more expensive. 

(5) Steels AXTB and AES84 can be 
used as bolt steels in some cases at 
temperatures of 662° to 932° F. How- 
ever, their strength is on 70% of 
30XMA and can, therefore, not be 
recommended as substitutes for this 
steel. 

(6) Steel Al4 is, expensive and in- 
clined to temper brittleness, and is, 
therefore, not recommended. 

(7) Steel Al8 can be applied in the 
temperature range between 662° and 
932° F. but by its mechanical proper- 


TABLE III.—RETENTION OF HARDNESS UNDER PROLONGED HEATING. 


Tempereture Difference 
ardness is Retained in Between Tempering and 


Prolonged Heating Prolonged Heating 


Deg. F. Deg. F. 
G0 400 
750 | 360 
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R80 230 
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620 iu 
880 200 
880 320 
sv 200 
&R0 | 230 
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Fig. 5.—Charpy impact strength and Brinell hardness 
after successive heating and cooling. 


ties is inferior to steels 30XMA, 
A5XNM, A5XMF, AI8M sand 
35XMUA. 


(8) In all these steels, molybdenum 
either prevented or so considerably 
reduced the inclination to temper 
brittleness that it was practically 
eliminated especially when the part 
was subjected to intermittent high 
temperature service. 

(9) Molybdenum steels keep their 
properties after heat-treatment even 
after prolonged service at tempera- 
tures approaching those of tempering. 
Vanadium shows similar behaviour 
but to a lesser extent than that of 
molybdenum. 


Drawing of Four-sided 
Wire by Means of Hard 


Metal Dies 
By J. Hinnueber 


HE drawing of four-sided wire by 

means of hard metal drawing dies, 
was formerly not possible, because the 
hard metal inserts in the drawing die, 
effecting the drawing, fractured at the 
sharp angles as a result of the exacting 
edge stresses set up. These difficulties 
have now, however, been by-passed, 
by using hard metal inserts, made up 
of four separate parts. The stresses 
in the four similar hard metal plates, 
which butt together in the corners of 
the drawing die, are so small as not to 
be dangerous. 





Stahl und Eisexr, vol. 62, 1942, p. 1,090. 


STEELS IN ENEMY AIRCRAFT. 


SOME copies of the above book are 
still available. Order direct from 
the Kennedy Press, Ltd., 21, Albion 
Street, Manchester, 1, enclosing 10/6. 








METALLURGIA 






















































eh i ee 





Brinell hardness 


Brinell hardness 


LA, 
nd 


1m 
bly 


lly 
art 
igh 
eir 


ng. 
pur 


r. 


6. 





Tellurium—Its Ores, Properties and 
Applications 


By L. Sanderson 


One of the rarest of the rare metals, tellurium is one of the most interesting from «n electro- 


chemical point of view. 


Its most important applications are those in metallurgy, outstand- 


ing among these being its use in lead. The ores and methods for extracting the metal are briefly 
reviewed ; some of the properties of the metal are given, and reference made to some applications. 


word “ tellus,”’ the genitive of which is “‘ telluris,”’ 

meaning earth. Its history is interesting. A 
certain mineral known as white gold ore, or grey gold ore, 
was known to exist in ‘Transylvania, and was for many 
years considered by chemists to be an alitoy of antimony 
and bismuth. In 1782, however, F. J. Muller von 
Reichenstein, finding no trace of either metal, suspected 
that it harboured an altogether new metal, and said so. 
It was not until about 1792 that M. H. Klaproth suc- 
ceeded in demonstrating conclusively that the new 
metal did, in fact, exist. He was able to extract it, and 
to reveal certain of its properties. 

Tellurium is one of the relatively rare metals, being 
never found in large amounts, nor is its distribution 
widespread, there being only a small number of localities 
in which it is found. 1t seldom exists in the pure form, 
and is usually present in the tellurides and a small 
number of oxidised ores. In general, it can be said that 
its occurrence is roughly as frequent as that of gold. 
Its main sources are Transylvania, Asia Minor, Colorado, 
California, Chile, ‘New South Wales, Western Australia 
and the ‘Transvaal. So far as commercial exploitation 
is concerned, however, main production is concentrated 
in the United States of America and Canada. In Canada, 
production has steadily increased—at all events up to 
1938—whereas in the United States it has declined. 
For example, whereas Canada’s production rose from 
35,591 lb. in 1936 to 48,237 1b. in 1938, the United 
States production fell from 57,956lbs. in 1936 to 
11,076 lb. in 1938. 

Meilor gives the following analyses of typical ores : 
Colorado: 96-91% tellurium, 0-60 gold, 0-07 Ag., 
2-42 gangue. West Australia: 96-935 tellurium, 
2-399 gold. 

Tellurium is found in association with gold, silver, 
bismuth, and many other metals. It is a serious dis- 
advantage when found in gold-bearing ores, because its 
presence hinders amalgamation, and ores thus con- 
taminated are difficult to concentrate and roast. To 
extract the tellurium involves a certain loss of gold. 
Yhe principal tellurides are telluride bismuth glance 
(Bi,le,) ; tetradymite (Bi,le,8) ; wehrlite (Bi;Te,Ag) ; 
and pilasonite Bi,Ve,). ‘there are, of course, many 
others, a list of which with their formule would occupy 
more space than can here be given. There are, further- 
more, the tellurites or oxidized minerals, such as tellurite 
(TeO,), durfenite (Fe,(Te,O0,),4H,O with a little selenium), 
and emmonsite, which is a mixture of ferric tellurite. 
Finally, there are the tellurates, such as montanite 
(Bi(OH),TeO,) ; magnolite (Hg,TeO,), and ferrotellurite 
(FeTeO,). 

In addition to the countries named, tellurium has 
also been detected in the eruption products of Vesuvius ; 


TV word eta derives its name from the Latin 
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in the orange-red sulphur of Japan ; and in the chamber 
mud of the sulphuric acid works at Osaka, Japan. A 
little has been found in the flue dust of a furnace roasting 
Spanish pyrites ; in the native bismuth of Bolivia; in 
the lead ores of Italy; and in commercial bismuth 
preparations. 

‘here are numerous processes of extracting tellurium 
from its ores, and the enumeration of all of them would 
demand more space than is available. Two typical 
examples alone will therefore be quoted. The first is 
Farbaky’s method of extracting the metal on a large 
scale from gold tellurium ores. ‘the ore is slowly thrown 
into boiling concentrated sulphuric acid, when lead, 
copper, zinc, tellurium, and also a portion of the silver 
compounds present go into solution, gold and silicic 
acid remaining undissolved. The product is then heated 
with water containing from 10-15% of hydrochloric 
acid, when the latter precipitates the dissolved silver 
and dissolves the hydrated tellurium oxide precipitated 
by the water. On filtering, a residue of gold and silver 
is obtained, which is worked up separately. Sulphur di- 
oxide is passed through the filtrate, and as this takes 
place in sulphuric or hydrochloric acid solution, only 
tellurium and selenium are thrown down. This residue 
is found to contain from 72-85°, of tellurium, and after 
a repetition of the process, the percentage is increased to 
97-98. ‘Lhe crude powder is melted and cast in moulds. 

A second method is that of Berzelius for obtaining 
tellurium from tetradymite (see above). This comprises 
making the finely-powdered ore into a stiff paste with 
sodium and potassium carbonates and olive oil, and 
heating the product, in a cfosed porcelain crucible, 
gradually to carbonize the oil, and afterwards to a white 
heat. ‘the object here is to separate the sulphur, 
selenium and arsenic. ‘he arsenic volatilizes, and the 
sulphur and selenium remain in solution after the tel- 
lurium has been precipitated by a current of air. ‘he 
mass is cooled out of contact with air, quickly pulverised, 
quickly washed with air-free water, and a current of 
air passed through the filtrate to precipitate the tellurium. 
‘this filtrate containing tellurium sulphide (and selenide) 
and alkali sulphide is treated with hydrochloric acid to 
precipitate the tellurium. ‘the washed tellurium is then 
fused, and distilled in a current of hydrogen, so as to 
separate it from the gold, iron, manganese and copper. 

‘the metal itself is a silvery-white crystalline mass 
with a metallic lustre. It is brittle and easily powdered. 
The molecular weight is 160. ‘Lhe specific gravity varies 
with the degree of purity, and the average is 6-258. 
The coefficient of thermal expansion is 0-0CC01732 
between 0° and 50°. The melting point is between 
525° and 455°. Electrical conductivity is approximately 
0 000466 ohm at 19-6°, or roughly an electrical resistance 
of 2,000 ohms. Concerning the atomic weight of tel- 


291 








lurium, there has been a good deal of controversy, as 
for this element the law of periodicity ceases to be 
valid. The International Table for 1926 gives the best 
representative atomic weight for this metal as 127-5. 
According to the periodic law, it should have an atomic 
weight between that of antimony and iodine—i.e., it 
should be above 120 and below 126, but as will be seen 
from what has been written above, its weight is actually 
not coincident with theory. Into the various explana- 
tions put forward for this fact, the writer will not enter. 
Those interested should consult the copious literature 
on the subject for themselves. 

Tellurium had at first a negligible industrial im- 
portance, but of recent years it has begun to find a 
use. It is now being employed in the manufacture of 
organic dyestuffs; in the making of electrical equip- 
ment; in high-resistance alloys and ultramarine ; and 
in the colouring of lithopone. Other uses include the 
staining of silver and in the toning process of photo- 
graphy. It has been used as a delicate sterilisation test 
in bacteriology, while a compound of tellurium is finding 
favour in certain quarters as an anti-pinking ingredient 
in automobile fuels, in which respect it is claimed to 
have proved highly successful. Principally, however, 
it is as an alloy that tellurium finds its most widespread 
employment. When alloyed with tin, it possesses 
extreme hardness and high maximum stress. With 
aluminium, a highly-ductile alloy is created. Most im- 
portant of its applications in metallurgy is its use in 
lead ; the addition of 0-1°, of tellurium renders the lead 
more resistant to corrosion, and makes it tougher and 
stronger mechanically, as well as more highly resistant 
to fatigue. Small additions to copper facilitate machin- 
ing without appreciable effect on properties. Colloidal 
tellurium has been used as an insecticide, germicide, 
fungicide and wood preservative, since it is highly poison- 
ous. A solution of tellurium salts has been used for 
staining metals. 

When heated in air, tellurium ignites, and the dioxide 
TeO, is formed. The element itself cannot be dissolved 
in water, but will dissolve in concentrated sulphuric 
acid, forming a deep-red solution. Heated in a current 
of hydrogen, it sublimes in the form of brilliant prismatic 
crystals. An amorphous tellurium is obtained when the 
metal is precipitated from its solutions by sulphur 
dioxide, this variety having a specific gravity of 6-015. 

The smelting of the telluride ores is carried out with 
either lead or copper ores, which serve as a fluxing agent. 
Considerable quantities of tellurium pass into the copper 
matte. The mattes are then converted in a type of 
Bessemer converter, and the copper is electrolytically 
refined. ‘The copper contains approximately 0-4% of 
tellurium. The slimes contain most of the tellurium, 
antimony, caesium, and bismuth together with silver 
and gold. 

Experiments have been made with tellurium as an 
alloy of steel, but so far no sensational improvements 
have been reported. ‘The theory on which these ex- 
periments are based is that additions of tellurium may 
confer additional hardness upon the steel, in the same 
way as when the metal is blended with tin. 

Conformably to sulphur and selenium, tellurium com- 
bines directly with hydrogen to form telluretted hydrogen 
(TeH,). This is an extremely poisonous gas with a most 
offensive odour. It was first obtained by Sir Humphrey 
Davy, in 1810. It is chiefly prepared by decomposing 
metallic tellurides with mineral acids. It dissolves in 
water, and the solution thus formed gradually de- 
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composes with the deposition of tellurium. It also de- 
composes when exposed to light. The gas ignites, and 
furthermore, similarly to sulphuretted hydrogen, pre- 
cipitates numerous metals from solutions of their salts. 
It can be liquified, the liquid boiling at Centigrade zero 
point, and if further cooled, it solidifies, the solid melting 
at -—48° C. 

The tellurates of the alkali metals are fairly soluble 
in water, those of the other metals being only to a small 
degree or not at all soluble in water. Some tellurates 
are known in two forms, one colourless and capable of 
being dissolved in water and acids ; the other of yellow 
hue insoluble in water and acids. 

Tellurous acid is obtained (H,TeO,) when the tetra- 
chloride is decomposed by water, or by the dissolving 
of tellurium in nitric acid and pouring the solution into 
water. It is a colourless solid, and behaves as a dibasic 
acid. Telluric acid (H,TeO,) is obtained in the form of 
its salts when tellurium is fused with potassium car- 
bonate and nitre, or by the oxidising action of chlorine 
on a tellurite in alkaline solution. The free acid can 
be had by decomposing the barium salt with sulphuric 
acid and concentrating the solution, when a crystalline 
mass (H,TeO,.2H,O) separates. It is also formed when 
the dioxide is oxidised by hydrogen peroxide in caustic 
potash solution, and possibly best of all by oxidising 
tellurium with a mixture of nitric and chromic acids. 
It crystallises in prisms which lose their water of 
crystallisation at 160°C. 


Aluminium Laboratories 
Atumrinium Lasoratorigs Lrp. announce that they 
have resumed research and development work at 
Banbury, Oxfordshire, under the direction of Mr. P. W. 
Rolleston, a vice-president of the company. The 
activities and staff of the Research Department of the 
Northern Aluminium Company, Ltd. have been trans- 
ferred to Aluminium Laboratories, Ltd. Mr. G. H. 
Field has been appointed Director of Research Division, 
and the development work will be under Mr. F. R. C. 
Smith, as Director of Development Division. Increased 
facilities will thus be made available to enable Northern 
Aluminium Company, Ltd. and Aluminium Union, Ltd. 
to reply to the very numerous requests for technical 
advice which are addressed to their sales offices. 

It is planned that Divisions dealing with general 
engineering and with geological exploration and mining 
engineering will be established at Banbury later. 

Aluminium Laboratories, Ltd. was incorporated in 
1936 in the Dominion of Canada to conduct geological 
exploration, to manage general engineering, to direct 
research and to correlate all the technical activities of 
Aluminium, Ltd., Montreal. It is a fully-owned sub- 
sidiary of Aluminium, Ltd., as also are Northern 
Aluminium Company, Ltd., of Banbury, Birmingham 
and Rogerstone, fabricators in this country, and 
Aluminium Union, Ltd., the selling organisation with 
offices in London and throughout the world. 

The branch of Aluminium Laboratories, Ltd., at 
Southam Road, Banbury, Oxfordshire, will operate in 
the United Kingdom and throughout the continent of 
Europe. Its activities will be supported by the funda- 
mental and applied research work carried on by the 
company in its laboratories in Canada, at Kingston, 
Ontario, and Arvida, P.Q. These are all directed 
towards the systematic investigation and development 
of light metals and their alloys, and of processes for 
their production, fabrication and use. 
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By Douglas Rennie Hudson, B.Sc., Ph.D. 
(University of Leeds). 
‘* What Peru and Mexico were to mediaeval Spain, Spain herself was to the Roman world ‘ an un- 
failing natural treasure-house, an imperial exchequer inexhaustible.” 


R. Knox McE perry, 1918. 


ABSTRACT 


A critical historical review of Phoenician and Roman metalliferous mining in Iberia, under the 
heads : — 


1. PrE-HistoricaAL DEVELOPMENT.—Hannibal’s shafts, Punic or Phoenician traces. 
2 RoMAN DEVELOPMENT.—Sequence in Centenillo, Loci of Roman Workings. 
3. THE Rio Trnto LopE.— Aes and aurichalcum ; Lead mining, Lead and Silver, Cupellation, Lead 


Ingots and Castings, Silver-free Lead Ornaments, Ancient Slag Dumps. 


4. Roman MrininG TECHNIQUE.—Gossan Working, Irregular Stope Working, Slave Labour, Vertical 
Shafts and Irregular Drives. 


Roman Minine Law. 


i) 
: 


Metalliferous mining in Spain by the Romans is well-attested over a period of four to six centuries, 
by coins, bronzes, inscriptions and wooden equipment for de-watering ; quite apart from historical 
evidence. Although no such imposing array of relics can be cited, there is no doubt that earlier 
metalliferous working, indegenous or under Phoenician or Punic tutelage, was vigorous some centuries 
earlier. In the Centenillo mine the Romans have left clear traces of their sequence of operations, 
though their most imposing work was at Rio Tinto. Here slag dumps containing millions of tons 
remain. Two layers can be identified :—The upper, black and crystalline and perhaps re-melted ; 
the lower, brown, spongy and wrinkled (rugosa). Probably these derive from smelting argentiferous 
lead and extracting its silver. Gold, silver, cinnabar and possibly antimonial lead (from a blend of 
galena and stibnite) were also worked, the copper was highly esteemed for coinage—as good as 
aurichalcum. 

The Romans in proving workings were very thorough, but wholly unsystematic as a result of their 
ignorance of surveying and of the compass. They worked downward along the stopes as in the Cornish 
tin field, with a multitude of mysterious vertical shafts. All galleries were small, not exceeding a 
yard in diameter, except where they widened for excavation of a swelling lode. In the absence of 
explosives, fire-setting was used to crack the rock, no artificial ventilation was possible, and it is 
obvious that working condition of thousands of slaves, and political opponents interned by the then 





home department, were pitiable in the extreme. 


be cited to show how highly Iberia was regarded 
as a source of metals at the beginning of the 
Christian era. 

“ Hispania . . . viris equis ferro plumbo aere argento 
auroque etiam abundans, et adeo fertilis ut sicubi ob 
penuriam aquarum effeta, et sui dissimilis est, linum 
tamen aut spartam alat.” MELA. 


M Y quotations from the ancient historians could 


“ According to some reports Asturia, Gallaecia and 
Lusitania produce annually 20,000 librae of gold [say 
200,000 oz. troy], Asturia supplying the greater part. 
Indeed there is no part of the world that has maintained 
for centuries so continuous a production of gold.” 

Purxy (Natural history 33). 


1. PRE-HISTORICAL DEVELOPMENT 


In 1845 in the Potosi mine at Guadalcanal there were 
discovered in a gallery the skeletons of 17 Keltiberians 
and pointed bones of sheep, together with stone axes 
and pottery. 

Hannibal’s Shafts —Of one-third of a hoard of 181 
well-preserved consular coins discovered in 1896 in an 
earthen jar obviously hidden away in a heap of waste in 
front of an old adit at Centenillo Mine, the latest was 
dated from the inscription, at 42 B.c. Mining, however, 
took place long before this. Phoenician settlement in 
the peninsula has been attributed to a date as early as 
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1100 B.c., and there can be little doubt that this hard- 
working, stupid, and enterprising people was responsible 
for organising and developing existing workings, even 
if modern investigation refuses them credit of initiating 
vast technical operations of mining formerly attributed 
to them. With the collapse of Phoenicia, the daughter 
city of Carthage took over Phoenician possessions in 
Sardinia as well as Andalusia. Although we have small 
evidence of Punic work, by way of remains of buildings, 
Piryy could write in the first century a.p. :—‘‘ Jt is 
a remarkable fact that the shafts opened by Hannibal in 
the Spanish provinces are still worked [i.e., after three 
centuries}, their names being derived from the persons who 
first discovered them. One of these mines which at the 
present day is stili called Baebelo, furnished Hannibal with 
300 librae [3,000 oz. troy] weight of silver per diem. The 
mountain is already excavated for a distance of 1,500 paces, 
and over the whole of this space there are water-carriers 
standing day and night baling out the water in turn, 
regulated by light of flambeaux and so forming a great 
river.’ We know that Hannibal, the famous Cartha- 
ginian general married a native Princess Himilce, and it 
is likely that the Castulo mines came as part of her 
dowry. ‘To this day certain old workings are known as 
Pozos de Anibal—Hannibal’s shafts. Here it was that a 
German mining engineer rescued the engraved sandstone 
slab, shown in Fig. 1, then in use as a scrubbing board 
by a washerwoman. ‘This shows clearly a foreman 
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‘*Linares bas-relief ’’ 
recovered in 1875 at Pazuelos by a German mining 


Fig. 1.—The well-known 


engineer. This red sandstone slab was then in use 

by a washerwoman as a scrubbing board. It 

depicts a foreman or overlooker conducting a 

squad of miners, and is probably Phoenician or 

Punic. In the neighbouring Centenillo mine 

Roman coins attributed to 42 B.C.—-A.D. 383 
have been found. 


preceded by labourers, all wearing a kilt or leather apron 
such as was used in Bohemia until the present century. 
The foreman carries a lamp or bell and his deputy a 
hammer or pick. Much archaeological nonsense has been 
written about this Linares bas relief in light red sand- 
stone.—‘‘ The foreman has been turned into the god 
Mercury, the miners into Christian martyrs . . .” 

Punic or Phoenician Traces.—The ruined ‘ Fortress ” 
of Palazuelos a few miles away has always been asso- 
ciated with Hannibal’s shafts. It shows traces of 
Roman occupation, but the massive sandstone masonry 
is reminiscent of Phoenician work. In a neighbouring 
mining village 16 miles to the west, near Bafios “ the 
mysterious walls of Ebros’’ are even more massive in 
granite construction. An old road for mineral traffic 
ab Iano ad Oceanum can still be traced. In his great 
development programme for Spain, Vespasian repaired 
this carterra and commemorated this exploit in an 
inscribed tablet of black marble, which was afterwards 
found and preserved in Seville museum. 


2. ROMAN DEVELOPMENT 


Sequence in Centenillo.—The sequence of Roman work 
can be traced quite clearly and reasonably well dated 
from finds of coins for two to three centuries from the first 
century B.c. Coins of Gratian show that exploitation 
continued at least over the period pre-45 B.C. to A.D. 383. 
For instance, in the Centenillo mine, where the old shafts 
reached down 650 ft., the stages were :— 
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Small shafts in the outcrop. 

An adit from the hillside to intercept the lode at a 
depth of 150 yds. Here the workings extended 
1,000 yds. 

3. Another adit 60 yds. lower needing a length of 

1,000 yds. to reach the ore. 

4. Preparations for a fourth approach show some 
sudden interruption, possibly owing to Vandal 
attacks in the fifth century A.D. 

Loci of Roman Workings.—Under the Republic, 
mines in conquered territory became legally res publica 
though in general only the precious metals were ex- 
ploited officially, copper, lead and tin workings remaining 
in private control. Later, in the Empire, mineral wealth 
became the subject of political machinations and 
corruption set in. 

The chain of Sierra Morena (Montes mariani) shows 
evidence of primitive working over its entire length of 
200 miles to Huelva. 

In the north the Romans mined lead and some copper. 
While Sanpars would attribute antimony mining to 
them as well, this is difficult to contemplate, unless 
indeed they were familiar with the blending of stibnite 
or antimonial ore with galena to give hard lead for cast- 
ings; this assumption is not unreasonable from their 
known skill in process work. 

In the extreme west, about fifty miles south, they had 
a mine of argentiferous galena worked for its silver, 
where they probably used lead as a collector. PLINY 
(Natural history 34, 159) describes its use for pipes and 
sheet either from its own native ore, where it is produced 
without admixture of any other substance, or from an ore 
which holds it in common with silver, the two metals being 
fused together. Interest in the zinc blende occurring with 
the galena was altogether subsidiary. 

At the outcrops of the granite in the plateau south of 
the Silurian main range, they worked copper and lead. 


no — 


3. THE RIO TINTO LODE 


Aes and Aurichaleum.—But by far the most extensive 
Roman workings were their open cuts and levels at 
Tharsis and Rio Tinto, to yield pyrites, outcrop chalco- 
cite or oxidised ores formed by secondary enrichment. 
Probably this is the metal to which PLiyy refers with 
admiration aes marianum quod et Cordubense dicitur 
almost as good for coinage as aurichalcum. STRABO 
reported :—‘‘ . . . certain of the copper mines are 
called gold mines, which would seem to show that for- 
merly gold was worked in them.” In all probability the 
gold was placer metal which had undergone natural 
concentration in the gossans which the early prospectors 
worked. 

It seems to the author that PLivy’s aes should not 
in this case be translated copper but brass, something 
like a tombac or gilding metal low in zinc, formed by 
smelting a mixed pyrites-blende charge, probably not 
by accident. Officially, before a.p.41 colonial mints 
were entitled to coin only copper (bronze, brass), and the 
quantity turned out in Tartessus was prodigious. In 
addition, however, silver was struck—a fact not sur- 
prising in view of its local abundance and the prosperity 
of the colony. Perhaps the authorities at Rome turned 
a blind eye to a development beyond their control, 
Argentum Oscense becoming the current specie of Baetica. 
Potysius c. 145 B.c. described the large silver mines 
20 furlongs from Carthago Nova (Carthagena) 40,000 
slaves {under the most degraded working conditions} 
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producing 25,000 drachmae of silver per diem. If we 
accept the figures and take the drachma to be 664 g. 
the apparently huge output is seen to be a mere 1/7 oz. 
per man, so that‘only under slavery of the most oppres- 
sive kind could the mines yield a profit. | According to 
Srraso the island of Plumbaria was used as a depot 
in the export trade. 


Lead Mining 

Lead and Silver—In an old working in oxidised ore, 
Rio Tinto has mined material running 200 oz. silver per 
ton. About the turn of this century ore assaying 10% 
lead, 30-45 oz. silver, and 13-19 dwt. gold was exported, 
about twenty years previously it was still richer—34% 
lead, 1-22% tin, 47 oz. silver and 1-3 oz. gold per ton. 
The lead was present as PbSO, anglesite ; the silver as 
AgCl cerargyrite. 


Cupellation.—Cupellation was well understood by the 
Romans, indeed it would be surprising if it had not been, 
since the process or something closely resembling it was 
in use in Mesopotamia by the Assyrians more than a 
millennium earlier. However, the suggestion of Rickarp 
that purification was effected by liquation, will definitely 
not hold, since addition of silver to lead forms a eutectic 
at about 24°%—i.e., over 300 oz. troy per long ton. 
“A lead ore entirely devoid of silver is uncommon : 
the Romans knew how to separate the silver from the 
lead in a rough way by liquation, a process based on the 
fact that lead melts at a lower temperature than silver.”’ 
It is upon liquation of this eutectic with a melting point 
of 305° against 327° C. for pure lead, that the modern 
Pattinson process of desilverising base bullion depends. 
About 145 B.c. Potysivs described pan washing of silver 
ore: “. . . the alluvial soil is first broken up, and sifted 
in sieves held in water ; then the deposit is again broken 
up, and sifted in sieves held in water ; then the deposit 
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Fig. 2.—Lowest level of open-cut working at the South Lode of the Rio Tinto mine, at the turn of 
the present century. The enormous extent of the ore-body is well illustrated. (After Nash.) 


is again broken up, and being again filtered with running 
water, is broken up a third time. This is done five 
times, the fifth deposit is smelted, and when the lead 
(lead oxide) is run off, pure silver remains.” 

Lead Ingots and Castings.—Output of plumbum nigrum 
reached its summit about the establishment of the 
Empire and gradually diminished owing to competition 
of virgin deposits available in the new colony “ 
laboriosius in Hispania eruto ... sed in Britannia 
summo terrae corio adeo large ut lex ultro dicatur ne plus 
certo modo fiat.” 

In 1907 four ingots were found at Coto Fortuno ; 
near a ruined cupellation furnace, inscribed :— 

societ{as| montlis| argentiarii] Ilucro 

and another found in Rome in 1887 also preserves this 
company’s stamp. These four were in the form of 
truncated pyramids with faired edges, weighing about 
31 kg. and carrying 76 g. (c.240z. troy) silver per ton. 
As one might expect, the cupellation slag was very rich— 
10-12% lead—inviting re-treatment by up-to-date 
methédds. There was an elaborate system of galleries 
and a water road over a mile long. Coins of Honorius, 
at the beginning of the fifth century A.D. were found, as 
well as Punic coins. At Gata, near Almeria, ruins of 52 
primary smelting furnaces were unearthed, with slag 
as rich as 10% lead. 

In all over 60 lead ingots have been found in Spain, 
often cylindrical pyramids with faired edges weighing 
30-35 kg. with mine mark and device—e.g., a swan. 
An attempt to equate these with a 100 librae standard 
(32-7 kg.) is not altogether convincing. There is alsoa 
stone mould for casting loom weights (?) found in work- 
ings at Palazuelos. Lead was cast into pyramids, seals, 
and curious cigar-shaped objects, weighing 12 oz., 
possibly sling stones (!?) Thirty ingots were found near 
Valencia, semi cylindrical 43-45 cm. long, 10 cm. wide, 
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Fig. 3.—Bronze statue of the goddess 
‘* Fortuna ’’ in the form of a pregnant 
woman. Probably Roman. 





Fig. 4.—Bronze bucket rims, rope, 
iron tool, and matting or basket frag- 
ments, found at San Dionisio mine, 

Portugal. (After Nash.) 
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Fig. 5._Iron tools, with some shafts, recovered from various 
old workings in Spain. (After Gowland.) 


8 cm..high and of mass 32-33 kg.; many others have been found in 
or near Carthagena. Two marked Nova CARTHAGO were found at 
Rio Tinto, which has led to the suggestion (admittedly “ fanciful ’’) 
by Rickarp that they were brought trom the seaport to the mines 
to act as collectors of silver. 


Silver-free Lead Ornaments.—Some point has been made of the 
absence of lead in primitive silver ornaments, indicating that these were 
obtained by direct smelting of native silver, or horn silver Agce. The 
author is not disposed to accept analysis, by itself, as convincing, in 
view of the ease with which the bead is freed from lead in fire assaying. 
Whether we are entitled to transfer this conclusion to extraction 
under primitive conditions can only be decided by trial under working 
conditions similar to those which applied in the early furnaces. In 
Roman cupellation hearths at Silchester fragments of bone ash, calcium 
phosphate, were found, at the famous Laurion silver mines the Greeks 
used porous marl. 
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Fig. 6.—Primitive adit in the ancient 
workings in Iberia. Note the enlarge- 
ment to allow the loaded panniers on 


the labourer’s shoulders to pass. 

De Launay suggested that the low 

height indicates the use of boys as 

bearers, as in the sulphur mines of 
Sicily. 


Few people not connected with the industry realise 
the vastness of the pyritic ore body in Southern Spain. 
Work in the Filon Sur (south lode) under inefficient 
native administration over 150 years from 1725, resulted 
in two systems of workings which crossed and re-crossed 
in a rabbit warren 2,800 ft. wide, entirely within the 
mineral. . 


Ancient Slag Dumps.—Deposits of early slag are 
enormous ; the ballast of the mineral railway to Huelva 
is alone estimated at many million tons. Usually these 
are regarded as waste from extraction of copper, but the 
following published assays from a dump near the Lago 
open cut seem to exclude the possibility that they were 
produced by primitive smelting methods :— 

00-16% 


1-33% 0+72% 


Cu . vs OR 0-25% 


Pb m4 a 1-0% 


Ag as 66 OG Vee l} oz. ) per 3h 02. ) per 
Au .. «+ 13 grains’ ton Traces ' ton 15 grains’ ton 
FeO .. .. 53-65% 57-0% 48-6% 

SiO, .. .. 21°4% 21-0% 32-3% 

Fe,O, .. 3-4% 8-1% 


The high values and fusibility (due to Fe SiO,) suggest 
that it may be a by-product of silver extraction by 
collection in lead. This suggestion is greatly strengthened 
by the discovery of litharge, refinery slag, and the bot- 
toms of small charcoal furnaces distributed among the 


slag heaps. Assays ran as follow :— 
Argentiferous Refined Retined 
Lead Lead Silver Litharge 
Pb 86-93 99-92 0-14 _ 
Sb . 8-79 0-01 — - 
Bi ‘ “¥ 2-81 0-42 - 
Cu jieiy Sen 0-30 o-Ol 2-25 CuO 0-45 
Ay . 4 74 oz.) per 202. ) per 97-00 602. ) per 
Au A ‘ 2 oz.’ ton Trace / ton 0-10 2 dwt. ’ ton 
moO . ; : 68-0 
i os - a - - 6-8 
April, 1946 





In the old 
slags, two lay- 
ers can be distin- 
guished clearly, 
sometimes even 
three ; these may 
be due to extrac- 
tion by successive 
workers using 
different tech- 
niques. The 
upper is black 
with sub-metallic 
lustre, showing 
crystallisation 
in its holes 
(orquedades) ; 
the lower is less 
homogeneous, 
almost spongy, 
brown (parduzeo) 
with wrinkled 
surface (rugosa). 
The name of the 
Escorial palace 
is derived from 
escoria = cinder. 

Moreover it 
has been suggest- 
ed that the 
Romans rework- 
ed scoriae left by 
less competent 
earlier extrac- 
tors; whether or 
not this is the 
case, an identical 
suggestion has 
been put forward 
independently 
by Dunstan for 
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Fig. 8.—Primitive stone lamps, with the flat reservoir necessary for 
burning vegetable oil, owing to its low rise in the wick. These were 
found in the Rio Tinto workings, and from their rate of burning a shift 
length of ten hours has been deduced. 


(After Gowland.) 





Fig. 7.—Section of early shaft showing 
smoothed rock surface, small dimen- 
sions, and hand-holes in walls, exposed 
by open-cut working at Esperanza 


mine, Huelva. (After Vivian.) 


Cyprus, in a report to the Imperial Institute in 1904 [see 
Section 10, Meratiurata, Sept., 1945, p. 208]. 
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Fig. 9.—Fire setting as depicted by Agricola 
in ** De re Metallica,’’ 15th century A.D. The 
Romans were very proficient in this technique, 
especially with rocks rich in quartz, owing to 
the polymorphism of silica. A well-known 
example is the Dolan Cothi mine in Wales. 


4. ROMAN MINING TECHNIQUE 


Gossan Working.—‘ The mineral mined at Rio Tinto 
to-day [1927] is a massive pyrite so low in copper (under 
2°) as to be more valuable for its sulphur than for its 
copper. It is unconceivable that the Romans could 
work this sulphide mineral for its copper contents, nor 
is there any evidence that they did ; for their workings 
are in the gossan or oxidised cap of the pyritic masses, 
and in the small tongues of oxidised ore that reach 
downward from the cap. At the top of ground-water an 
enrichment not only in secondary chalcocite, but also in 
gold and silver, offered scope for profitable mining, and 
small veins of chalcocite make other enrichments near 
the surface.’“—RickarD (1927). 

Irregular Stope Working.—The oxidised zones, where 
the early miners’ efforts were concentrated, were worked 
by removing stopes downward from the surface ; this 
method was used in Cornwall even in the present cen- 
tury. As the ore within easy reach was removed, 
neighbouring shafts were sunk, singly or in pairs. But 
it would be wrong to consider their activities as confined 
to the gossan or to tongues of oxidised ore. For sulphide 
veins at greater depths, radiating timbered galleries were 
used, and exploration was very thorough, though wholly 
lacking in system. In the zone between gossan and lode, 
stripping by cross-trenching and successive filling was 
used. ‘Timbering of galleries was carried out very 
efficiently with excellent brushwood lagging, two differ- 
ent methods being employed according to the nature of 
the ground, dry or wet. The galleries were rectangular 
and very narrow, 19 in. to 23 in. 

During open-cut working in the last seventy years, 
several large caverns have been disclosed and swallowed 
up. In vertical section (Fig. 6) the early adits can be 
recognised by their constricted section, low height of 
3-4 ft., with arched roofs, widening at the top to allow 
passage of the miner’s shoulders. Possibly the produce 
was carried out on boys’ shoulders, as in Sicilian Sulphur 
mines, though nothing in the old historians would lead 
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Fig. 


10._-Roman water wheels found in the Rio Tinto 


mine before 1904, in situ. (After Nash.) 
us to this belief. The stone has been polished smooth 
(by continued friction?) See also the section of a 
vertical shaft disclosed by open-cut working in Fig. 7. 
Square holes in the vertical walls have been described 
as hand- and foot-holds for ascent, but in similar shafts 
in the Laurion silver mines of Athens, they were probably 
mortices for transverse wooden beams. 

In his pamphlet dated August 7, 1858, Mason 
stated: “‘ The transport of the ore from the levels to 
the foot of the shafts is effected entirely by troops of 
boys who carry the ore in baskets on their heads. ‘Lhey 
make no use of shovels or wheelbarrows.” 

Slave Labour.—‘ But to continue with the mines, the 
slaves engaged in the working of them produce for the 
masters sums of revenue defying belief, but they them- 
selves wear out their bodies both by day and night in the 
excavations under the earth, dying in large numbers 
from exceptional hardships they endure. For no respite 
or pause is granted to them in their work, but driven 
below the blows of the overlookers to endure the severity 
of their plight, they pass their lives in this wretched way, 
though certain of them who can endure it in virtue of 
their bodily strength and dogged souls, suffer this hard- 
ship over a long period. Indeed death is more desirable 
than life in their eyes, because of the greatness of the 
hardships they must bear.” Drioporus, 5, 38. 


Vertical Shafts and Irregular Drives.—In 1858 Mason 
commented on the large dumps of slag, the great length 
of the adits, one as long as 1} miles, and the horrible 
working conditions. ‘‘ The adits are extremely narrow, 
and can only have admitted the working of one man at 4 
time with the pick. They form winding levels under the 
beds of the lowest valleys, and are never in a straight 
line. On their course are to be found numerous smali 
ventilating shafts at very small distances one from the 
other. The object of sinking such a profusion of shafts, 
and in some cases not 5 yds. apart, is not apparent. They 
are very rarely 50 yds. distant one from the other. ! 
have counted some 40 shafts in a distance of 300 or 400 
yds. . . . Shafts in pairs are very commonly met with; 
they are sometimes found placed about 3 yds. apart 
and were probably used for the purposes of drawing ore. 
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They were rarely more than 3 or 4 ft. in the side, and 
are of an irregular section, approaching the circular.”’ 
Similar shafts not exceeding 1 meter square occur in 
Roman mines in Serbia and Macedonia often about 
400 ft. deep, but no water-raising devices have been dis- 
covered. ‘Twin shafts are frequent, as at Rio Tinto, 
but unlike those, the twin shafts of Serbia frequently 
have windows in the rock partition. Two explanations 
for the multitude of shafts have been suggested :— 
1. The “ family ” system, with each “ family ’ working 
a claim about 30 x 30 ft. 
2. That a slave was lowered down the shaft in the 
morning and hauled up at night, no guarding 
being necessary. 


At this time, the compass was un- 
known and probably underground 
surveying also, though levelling was 
good. Straight connections between 
shafts are a rarity, and bad 
“holing-through” is common. 
Ventilation by updraft may also 
have been the purpose of these 
shafts, the slaves worked by light 
of a primitive vegetable oil lamp, 
and fire-setting to render the rock 
friable was standard practice. By 
test of one of the ancient lamps the 
duration of a shift has been estimated 
at ten hours—with total absence of 
forced ventilation, and the products 
of combustion from fire-setting, work 
in the long galleries must have been 
extremely onerous. As an occupa- 
tion, mining has always excited 
sympathy from other workers, yet it 
is quite possible that even in those 
days it was no worse, in proportion, 
than it is to-day under stringent 
legal control. We must remember 
that illness or death of a slave re- 
presented a dead loss to his master > 
which that of a freedman did not : 
entail, and it was the owner’s interest 
to maintain a slave—costing about 
£6 10s. (gold) in the fourth century— 
in the best possible health. The 
same consideration did not, of course, 
apply to political prisoners, or to 
critics interned by the fiat of the then 
home department. 

De Lavunay has calculated that 
in the Greek silver mines at Laurion, 
five hewers supplied twenty porters, 
yielding, with guards and ancillary 
workers, a labour force of thirty at 
each sap. Xenophon calculated two 
obols for rations and an equal amount for amortisation 
and other costs—i.e., about 8d. (gold) per slave per day. 
Slaves were also hired out at 16 obols per diem by agents, 
who often made large profits. 


5. ROMAN MINING LAW 
As we might expect from a people so skilled in admini- 
stration, Roman mining law lex metailis dicta was so 
carefully codified that it might be a pattern for mining 
procedure to-day, just as their civil law has penetrated 
into many judicial systems and remains right down to 
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11.—Roman water-wheel uncovered at 
level 390.0, at the Rio Tinto workings. 
construction was of oak held in place by wooden 
trenails, and of g00d workmanship.. The wheel 
revolved on an axle 2 ft. 7 in. long and 2} by 
24 in. section, with turned ends. 
of a leaded bronze containing 91.37% Cu, 
6.65% Sn, 1.47% Pb. (After Palmer.) 


our own time. The procurator metallorum representing 
the fiscus was as insistent on his pound of flesh as any 
Treasury director appointed to the board of an unfor- 
tunate industrial concern to-day. He it was who leased 
the concessions to conductores, analogous to the mine 
captains of the Cornish tin field. These, in turn, made 
their own arrangements for working, their socit were 
officially recognised and something like the cost book 
system was used within the societas. The conductor had 
to buy his lease, and, in one case of which record remains, 
covenanted to pay royalty of half the product. A lapse 
of working over six months automatically nullified the 
concession. Regulations for safeguarding of adjacent 
properties, preservation of rock pillars, drainage, illegal 
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Fig. 12.—Cross-sec- 
tion through old 
workings about 
200 ft. below surface, 
at Rio Tinto, show- 
ing the extreme con- 
striction even in 
slate. (After Paimer.) 
See also Fig. 6. 


The 


This was 


extraction of ore, etc., were carefully drawn up and the 
appropriate penalties set out. A modern note is the 
revenue-producing sales tax of one per centum within 
mining settlements. Traders—auctioneers, bankers, 
bakers, cobblers—had to buy their monopolies. School- 
masters were exempt from tax, it is clear that even in 
that distant time their reward was spiritual rather than 
financial. Roman cleanliness is proverbial; the bath 
house concessionaire had to clean the metal utensilos 
once a month and rub with grease (cebo) before storage, 
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to provide warm water, and to admit patrons at fixed 
fees :— 


Women up till l o’clock .. . és so wet es BS 
Mem from 3 tH So’clock.. .. .. «2 «2 we os $m 
Soldiers, freedmen, children and civil servants . . tree 


Of the wood brought in for fuel, the military had the 


ferrarivm and lex metalli Vipascensis. 





first choice for spear shafts. In addition to the general 
code there were specialised mining laws—e.g., lez 
Included in the 
mining regulation on a bronze tablet dating from the 
rule of Emperor Hadrian (a.p. 117-138), discovered in 
1906 at Aljustrel near Huelva, is the 
clause: “‘ who, out of five shafts, has sunk 
one as far as the ore, must proceed, as 
stated below, continuously with the others, 
If he fail to do this, another shall have 
the right of occupation.” 

By the Christian era the power to grant 
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Fig. 13.—Details of Archimedes screw found at Centenillo mine. 
The j-in. copper helix was attached both to the core and the 
The screw was 
It was 14 ft. long with a head of about 
6 ft. and an effective lift of 5 ft., and discharged into the sump of 
(After Rickard.) 


outer cylindrical barrel by lugs and rivets. 
inclined at about 30°. 


the next in series. 


mining rights had passed to the commit- 
tee of censors, on terms to be decided by 
them. (PiLiny and Srraso). According 
to JUSTINIAN tithe was paid to the fiscus 
and to the owner—Cunctique, per priva- 
torum loca, saxa laboriosis affosionibus 
persequuntor, decimas fisco, decimas etiam 
domino repraesentent. 

In 1772 (or 1762) a thin copper plate 
was discovered in the wall of an adit at 
Rio Tinto, 55 ft. below surface and 370 ft. 
from the mouth. According to the inscrig- 
tion it was erected by the freedman 
Augustus, manager of the mine, in honour 
of Emperor Nerva, this allows it to be 
dated accurately at 97 B.c. It seems that 
on sales by auction a duty of 1% was 
payable analogous with our stamp duty 
to-day, primarily it was exigible by the 
seller but payment might be negotiated 
between the parties. 

From the investigations of JIRECEK in 
the mediaeval archives of Dubrovnik, 
miners and smelters then belonged to 
a kind of guild, often moving to sites 
some distance away, as wood and water 
requirements dictated. 
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The Determination of Proof Stress 


Without an Extensometer 
By J. G. H. Brown 


A method is described for the determination of proof stress on very small test ‘pieces. 


It is not 


pretended that the method evolved is very accurate, but it does provide information that otherwise 
would not be available in determining the properties of some components. 


OMETIMES it is desired to determine the 
mechanical properties of small forgings and other 
components, when the size of the particular part 

is insufficient to provide a full size test-piece. On these 
occasions it is customary to cut a sub-standard test- 
piece and to determine only the maximum stress and 
elongation per cent. However desirable a knowledge of 
the 0-1% proof stress or the limit of proportionality 
would be, it is usually considered out of the question, 
owing to the small size of the test-piece. 

It is in order to overcome this difficulty of obtaining 
the proof stress on very small test-pieces that the writer 
has evolved the method described, and while it is not 
pretended that great accuracy can be achieved, within 
its limitations it does provide some information that 
otherwise would not be obtained. 

The small test-piece is machined accurately to size, 
with a parallel portion if possible of not less than 1 in. 
Shoulders are provided for gripping by means of collets, 
and it is important that the ends of the test-piece shall 
be finished smooth and square. Fig. 1 illustrates the type 
of test-piece required, but any dimensions within reason 


are suitable. 
pe? GAUGE LENGTH 4 





Fig. 1.—Type 


of test - piece. 











The diameter is measured, and the cross-sectional area 
of the parallel portion of the test-piece is ascertained in 
the usual way. A theoretical stress /strain line of propor- 
tionality is then plotted from a knowledge of the modulus 
of elasticity of the material. It is considered that in 
most cases the general nature of the material will be 
known—i.e., whether it is of steel or brass or aluminium 
alloy, in which case the generally accepted value of 
“E ” for the respective materials may be taken without 
introducing an appreciable error, as will be shown later. 

The overall length of the test-piece is then accurately 
measured with a micrometer which is capable of reading 
ten-thousandths of an inch. Loading is commenced on 
any conventional type of tensile testing machine which 
employs provision for loading with collets. The first 
load should be such that the stress induced in the speci- 
men will not exceed the limit of proportionality, insofar 
as it is‘ possible to measure this by ascertaining the 
permanent set by means of the micrometer. 

Increments of load may then be taken, after each 
loading the test-piece is removed from the tensile testing 
machine and measured with the micrometer. After a 
certain stress has been exceeded, permanent set will be 
measurable, and the value of this will provide the data 
from which a stress-strain curve may be constructed. 

Fig. 2 shows the stress-strain curve, consisting of the 
theoretical straight line of proportionality, and after the 
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Fig. 2.—Stress-strain curve (aluminium alloy). 




















limit of proportionality has been exceeded, the perma- 
nent set added on in the form of an increment of strain 
from the results of an actual test. 

A line parallel to the theoretical line of proportionality 
is then drawn displaced to the right by the amount of 
strain corresponding to 0-1% or 0-2% of the gauge 
length according to whether the 0-1% or 0-2% proof 
stress is wanted, and the stress at the point of intersection 
of this line with the curve is the desired proof stress. 

It is realised that several sources of error exist with 
this method, of which the one involving the adoption of 
a theoretical straight line of proportionality has already 
been mentioned. However, small alterations in the 
angie of this line would affect the actual value of proof 
stress obtained very little, since small displacements of 
the parallel line to the right or left results in a com- 
paratively small increase or decrease in the value of 
proof stress chosen, as the “ slope ” of the curve in this 
region is small. 

Another consideration is the fact that-a gauge length 
of say, 1 in. is chosen, but measurements made with the 
micrometer are made over the overall length, here 
however, the shouldered ends should undergo very little 
or no permanent set, since they are not directly in tension 
at ail, and it is only the difference between the new overall 
length and the original overall length that is added on 
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to the calculated theoretical elastic strain. Neverthe- 
less, it is an advantage to employ as great a parallel 
length as it is possible to obtain from the component 
being tested, as this facilitates measurement of the 
permanent strain by having a greater gauge length under- 
going permanent extension. 

Another source of error is that arising from measuring 
the length of the test-piece with a micrometer screw- 
gauge to the nearest ten thousandth of an inch only, 
whereas with the conventional extensometer it is possible 
to measure to the nearest one twenty-thousandth of an 





inch. By taking the measurement to the nearest ten 
thousandth of an inch, only, the scatter of the points on 
the curve will be increased slightly. 

It is realised that the removal of the test-piece from 
the tensile testing machine for every measurement of 
permanent strain is tedious, and that any method invol- 
ving unloading of the specimen for every measurement 
does not give the best possible conditons for the deter- 
mination of proof stress, but the method is only applic- 
able for cases where the determination of this stress 
would otherwise not be possible. 


Recovery of Usable Metal 


From Aluminium and Aluminium Alloy Drosses, 
Turnings, Swarf, etc. 
By C. F. Jinks 


Although heavy scrap, old castings, etc., are often melted in the same way as pig 
metal, with no special precautions to prevent oxidation, finely divided scrap must 


be protected to ensure .recovery of usable metal economically. 


In this article 


particular aitention is given to a successful method of recovering aluminium from 
drosses, turnings, swarf, etc. 


problem in the recovery of its waste material 
from melting processes and various machining 
operations. The light alloy industry faces this problem 
in a more acute form than most, due first to the relatively 
high cost of its raw material, which makes recovery 
economically necessary, and secondly, on account of 
the peculiar difficulty of remelting finely divided 
aluminium. 
Broadly speaking, foundry waste can be divided into 
two classes : 
(i) Large serap, consisting of runners, risers, heels 
of metal from the crucibles and metal splashes. 
(ii) Skimmings from the melting furnaces and 
crucibles, and scum from the carrying or pouring 
pots. 


r VHE metal industry in general has a considerable 





Melting and tapping positions of rotary furnace for melting aluminium alloy drosses, 
turnings, swarf, etc. 
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The first class does not constitute a recovery problem 
since this type is sufficiently large and clean to be re- 
charged into the melting surface. The second class, 
however, requires a special form of melting, if a successful 
recovery is to be obtained. These remarks also apply 
to most forms of machine-shop waste, such as sawings, 
borings, swarf and other fines, and such materials 
cannot be melted by charging into a furnace or crucible 
and heating, as proves satisfactory where large scrap 
alone is concerned. 

The difficulty with fines and kindred material is 
caused by the readiness with which aluminium oxidises 
on heating, and also by the nature of the oxide produced, 
which is primarily tough and chemically inert. This 
film of oxide prevents agglomeration of the particles 
into a molten mass of metal, and continued heating 
merely thickens the film 
until at about 830°C. the 
smallest particles begin to 
burn, and the whole mass 
is rapidly converted to a grey 
powder. 

Attempts to overcome 
these difficulties were pur- 
sued on the lines of protect- 
ing the fines from oxidation 
by means of fluxes until the 
melting point was reached, 
when puddling was resorted 
to in order to break up the 
films and force the particles 
to coalesce. This procedure 
is laborious, however, and 
most works prefer to sacrifice 
these materials rather than 
undertake the recovery by 
such means. 

The difficulties outlined 
above can be overcome and 
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satisfactory recovery obtained by using a furnace de- 
signed to rotate as does the conventional concrete mixer 
with which everyone is familiar. The rotary movement 
is employed to create by force the necessary coalescence 
of the particles by breaking the oxide film; in other 
words, to do the job of puddling without the heavy 
manual labour. Such a furnace can be usefully designed 
to hold a 10-ewt. charge, and is suitably fired by oil or 
producer gas. 

Where skimmings or drosses are to be recovered, it is 
advisable’ to sieve through a No. 10 screen to remove 
the fine oxide with which such material is associated, 
otherwise an unnecessarily heavy flux expenditure will 
be called for. 

Proprietary fluxes are in some cases quite satisfactory, 
but the writer has obtained the best results by the use 
of a mixture of 80-85°% common salt with 20-15% 
fluorspar, the latter obtained uncrushed and as mined. 
The melting point of this mixture is about 700° C., 
varying somewhat according to the grade of spar used. 

The most successful procedure for recovery of fines or 
skimmings is to charge about 1 ewt. of material into 
the furnace, and add about } the quantity of flux, 
according to the richness of the material being treated. 
(Intimate mixing of fines and flux is not necessary.) 
The charge is then heated until melting is observed to 
have taken place, when the furnace should be rotated 
until the fines can be seen to have formed a heel of 
molten metal. 

A further charge of fines and flux quantitatively equal 
to the first can then be added, and after the operator has 
observed his last addition to be melted the furnace 


should again be rotated. The sequence of operations 
should be pursued until a full furnace charge has been 
built up; care throughout the process being taken to 
provide a balance of flux sufficient at all times to provide 
a wet film over the metal. 

An excessive amount of flux should be avoided, as 
it is apt to be difficult to handle when the furnace is 
ready for tapping, which is best done by tilting the 
furnace over from the firing position, and allowing the 
metal to run off from below the flux or slag level. In 
order to carry out this operation successfully, it is 
necessary to aim at a viscous slag which will form a 
crust readily when the furnace flame is shut off and the 
furnace is tilted to the pouring position. 

Works which are using “ hardeners ”’ in their melting 
shops can make these “ hardeners” by the necessary 
additions of alloying materials to the melted fines. 
It is necessary to run off the slag, however, before the 
‘* hardener ”’ elements are added. 

A 10-cewt. furnace, as outlined above, will recover 
about 1 ewt. of metal per hour from furnace drosses and 
skimmings at a cost of approximately £10 per ton. 
Turnings and other machining waste will return a 
higher output. The quality of recovered metal is high, 
and it can be used with confidence as high-grade 
secondary metal. 

It will be seen, therefore, that such recovery, providing 
metal which can be returned into process, is economically 
highly desirable. 

Acknowledgments are due to the Aluminium Cor- 
poration, Ltd., Dolgarrog, North Wales, for permission 
to publish this article. 


Enemy Owners and United Kingdom Patents 


By S. T. 


patent applications of the same kind is of very 
great importance to the industry of this country, 

With great pertinence to the matter, the Council of 
the Chartered Institute of Patent Agents appointed a 
Committee to consider the problem above mentioned 
and furthermore the situation which would arise regard- 
ing British Industry should a moratorium be granted to 
Allies and Neutrals concerning patent applications 
emanating from those countries under the “ Inter- 
national Convention ”’ to be filed belatedly. The Council 
has published its recommendations in the above connec- 
tion and these will now be summarised. 

The “ International Convention’ is an arrangement 
arrived at on a reciprocable basis between a number of 
States whereby, briefly, patent applications can be filed 
in the States adhering to the Convention, corresponding 
to basic patent applications in the countries of origin 
(members of the Convention), and provided these 
applications are made within twelve months of the 
filing date of the basic patent applications, for priority 
purposes they date back to the said basic filing date. 
This privilege may under certain circumstances be of 
the highest value. For the sake of brevity, such applica- 
tions are in general referred to as “ convention” 
applications. 

The Council regards as undesirable any one-sided 
arrangement relating to the “‘ conventicn,”’ so tar as 
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this country is concerned, and is of the opinion that any 
revision of the “‘ convention ”’ should be effected by the 
contracting States as regards ordinary convention rights. 

In consequence the Council does not recommend that 
enemy nationals should be penalised by denial of con- 
vention rights arising out of basic applications filed 
after the end of the war, or on such dates that where 
the British application is filed the normal “ convention ” 
pricrity period of one year has not expired. 

Buv the Council does recommend that United King- 
dom patent applications by enemies should be made 
void where patents were not granted before the out- 
break of war. 

In this connection the Board of Trade has decided 
not to grant patents on applications by Germans since 
3rd September, 1938, with safeguard to lawfully acquired 
non-enemy rights thereon up to 3rd September, 1939. 
In cases where it can be established to the satisfaction 
of the Comptroller that a British “‘ person ’’ has become 
interested in such an enemy application by Agreement 
or Licence, then the Council recommends that grant of 
Patent (if any) should be made to the Custodian of 
Enemy Property in trust for the aforesaid “ person” 
under certain conditions hereinafter mentioned. 

Another recommendation of the Council is that 
enemies should not be granted extensions of time bevond 
the ‘‘ convention” period for filing their patent applica- 
tions. 
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Reference is made to the moratorium for the recovery 
of lapsed patents which was granted by article 307 of 
the Peace Treaty of 1919 at the World War I. In that 
case a year from the date of the treaty was allowed 
within which, without penalty, formalities such as the 
payment of renewal fees, could be performed for the 
restoration of rights in patents which were in existence 
on Ist August, 1914. The Council recommends that 
enemy nationals should not receive such a grant after 
World War II. And it furthermore recommends that 
should such a moratorium be granted by the Peace 
Treaty to Allies and Neutrals, then assignment of 
enemy patents to Allies and Neutrals after the enemy 
States had entered the War should not be recognised 
as conferring a right of restoration of the patents in 
question. 

What the Council emphasises is the importance of 
concerted action by the Allied Countries, and the dis- 
advantage to United Kingdom which might arise 
should it not grant privileges to enemy subjects which 
other Allied Countries do. 

A case in point mentioned is the Boykin Bill in the 
United States which in the form in which it was pre- 
sented to Congress would, if reciprocity was granted, 
after the war extend the priority period for filing in the 
U.S.A. Convention Applications by subjects of enemy 
States. 

Where a British licensee has kept in force a British 
patent owned by an enemy, whether the licence is an 
ordinary or an emergency one, that patent should, in 
the opinion of the Council, be vested in the Custodian 
of Enemy Property for the licensee’s benefit. Should 
the licence be exclusive, and the licensee make suitable 
application to the Custodian, then that Official should 
assign the patent to the said licensee, provided the 
licensee covenants to pay the Custodian such royalties 


Wagons for British Railways 


Dorman, Lone anp Co., Lrp., Middlesbrough, have 
received a contract from the Director, Royal Ordnance 
Factories, and the Ministry of Supply, for 10,000 steel 
wagon bodies for the home railways. The work is being 
undertaken with the help of 27 sub-fabricators in the 
structural engineering and allied trades in all parts of 
the country. 

An enormous amount of work confronts the wagon 
building industry of the country, and the contract has 
been arranged in order to supplement their output, and 
to relieve the acute shortage of rolling-stock which is 
seriously affecting railway transport services. The 
wagon builders are to supply the wheels, axles and other 
mechanical parts. Assembly of prefabricated sections 
and painting will take place at R.O.F.s, at Woolwich, 
Patricroft (Manchester), and Hayes (Middlesex), from 
which the wagons will go direct into service on the 
railways. 

Approximately 40,000 tons of steel will be used in 
the construction of the wagon bodies, which are of 
welded construction. The Dorman Long constructional 
shops and their 27 sub-fabricators have been specially 
tooled-up to ensure interchangeability of all parts. 

The wagons are of the five-door mineral type and of 
16 tons capacity. Delivery is to begin in the middle of 
next month, and will be completed by the end of 
November. 

In addition to the 10,000 wagons for the home railways, 
Dorman Long are also parent contractors for the supply 


304 





as are agreed in the licence. In this way the licensee 
would be so placed that he can proceed against infringers. 

Recommendations are also made with reference to 
Sections 17 and 27 of the Patent Act. According to the 
first of these sections the dating of patents is determined 
so that the duration of patents may be fixed. The second 
provides that three years from the date of sealing of the 
patent must elapse before application can be made to 
obtain relief where it is alleged that there has been abuse 
of monopoly rights. 

Section 17 provides that the sixteen years term of 
a patent commences to run from the date on which the 
complete specification was lodged at the British Patent 
Office. 

The Council calculates that it would be possible for 
a patentee actually to have a patent term of twenty 
two years from the Convention date if the normal 
sixteen year patent term were added to the six years 
he might get on a convention application ante-dated 
under a moratorium. Consequently they recommend 
the sixteen year patent term should run from a year 
from the application date of the basic patent. 

As regards Section 27 the Council points out that 
supposing an applicant to obtain a patent dating back 
to 1938 under a moratorium, it would be safe from 
attack under this section until 1948, at least. Conse- 
quently, the Council recommends that when a patent is 
sealed on a “Convention” application ante-dated 
under a moratorium or under the Emergency Act then 
at any time after the sealing of the Patent it should 
be open to application under Section 27 (c) d; that 
is to say, briefly, for a compulsory licence on the 
ground that the patentee has prejudiced trade or in- 
dustry (established or to be established) in the United 
Kingdom by refusing to grant a licence on reasonable 
terms. 
of 7,000 wagon bodies of the same capacity, but of 
riveted construction for the French railways. Assembly 
of these vehicles, delivery of which has already begun, 
is taking place in France. 

The Tees Side Bridge and Engineering Works, Ltd., 
Middlesbrough, are building 500 complete all-steel 
mineral wagons of 16 tons capacity for the Ministry 
of War Transport, and 500 for the L. and N.E. Railway. 
They are also building for the L. & N.E.R. 1,000 13-ton 
high-sided all-steel goods wagon bodies and 500 16-ton 
mineral wagon bodies. These are being turned out at 
the rate of 33 bodies and 22 complete wagons per week. 


Summer School on Theoretical Physics 
in Industry 


A SUMMER scHOoOL will be held in the H. H. Wills 
Physical Laboratory in co-operation with the Institute 
of Physics, from May 30 to June 6, 1946. The subjects 
to be studied will cover the general field of conduction 
of electricity in non-metals, and will include luminescence, 
dielectric phenomena and reactions in solids. The 
course is intended mainly for members of the research 
staffs of Government and industrial laboratories which 
are engaged on experimental research in these 
subjects. 

Further particulars may be obtained from the Director 
of the Department of Adult Education, The University, 
Bristol, 8, or from The Secretary, The Institute of 
Physics, 19, Albemarle Street, London, W. 1. 
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The Design and Performance of Some 
Commercial Optical Pyrometers of the 
Disappearing-Filament Type 


By C. R. Barber, B.Sc. 


A critical examination has been made at the National Physical Laboratory of five models of 
commercial portable optical pyrometers of the disappearing-filament type, with reference to the 
design of the lamp, the optical system, the monochromatic and neutral filters, and the measuring 


system, and a report* has been published by the Iron and Steel Institute. 


The author’s con- 


clusions resulting from the examination are given in this article. 


use in the research laboratory has been for many 

years a high-precision instrument. When the 
design of the optical system is good and due attention 
has been paid to the choice of the monochromatic 
screen, the eye can detect a difference of brightness of 
filament and background of the equivalent of about 
2°C., provided that the field is not dark enough to 
approach the limits of visibility, nor bright enough to 
produce dazzle. We should, therefore, expect to be 
able with such an instrument to obtain this accuracy 
of setting (but not necessarily of temperature measure- 
ment) with a single observation, and a considerably 
higher accuracy than this on the mean of a number of 
observations. When, however, the pyrometer is manu- 
factured for use in industry, various modifications from 
the laboratory design are made to make it portable, 
compact, direct reading, and so on, and these frequently 
result in a marked falling off in precision. It is the 
aim of the present investigation to determine how the 
design of portable pyrometers has deteriorated from 
that of the high-precision instrument and whether this 
deterioration were avoidable in view of the function 
portable units have to fulfil. 

For this purpose one of each of five makes of portable 
pyrometer, of both British and foreign origin, was 
examined with special reference to the following points 
of design : 

1. The pyrometer lamp. 

2. The optical system. 

3. The monochromatic and absorption screens. 
4. The measuring equipment. 

Generally speaking, the findings in the report will 
be true of any pyrometer of the same model by the 
same maker, but it is emphasised that one only of a 
particular model has been examined, and so in some 
of the particulars a difference of behaviour may be 
experienced with another instrument. This should 
not detract in any way from the usefulness of the 
observations in pointing out the possible defects and 
showing how these may be eliminated. 

Following a detailed consideration of the various 
aspects of design the author summarises the con- 
clusions to be drawn from the examination and dis- 
cusses a few additional points of design which had not 
been mentioned in his consideration of the subject. 
As will be noted in his conclusions, which are reproduced 


‘[ disappearing-filament optical pyrometer for 








* Paper No. 18/1946 of the Steel Castings Research Committee (submitted by 
the Foundry Steel Temperature Sub-Committee). Published by authority of 
the Steel Castings Research Committee of the Lron and Steel Institute. (Advance 
copy), Feb., 1946. 
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in full, it has been shown that in many cases the lamp 
filaments are too short to be free from end-effect, and 
the advantages of the use of a flat filament in this 
and other respects are discussed. The size and position 
of the diaphragms of the optical system were in some 
examples not in accordance with those necessary for 
obtaining perfect disappearance of the filament. The 
transmission curves of the monochromatic and neutral 
filters are given, and the requirements of the combina- 
tion of the two filters are examined. A current or 
voltage calibration of the lamp may be employed, and 
the advantage of the latter for short filaments is pointed 
out. The potentiometer method used in one pyrometer 
has considerable merit. 


Conclusions 

The Lamp Filament.—The lamp filaments in four 
out of the five instruments examined are too short in 
relation to their diameters to give high-precision read- 
ings. Such short filaments are subject to temperature- 
coefficient and thermal-inertia errors. The temperature- 
coefficient is shown to be less for a voltage-temperature 
than for a current-temperature calibration. The former 
system of measurement is employed in these four 
instruments, and the coefficient for a filament of 
equivalent size to those in use is shown to be of the 
order of 1°C. on the low range of the pyrometer, for 
a change of air temperature of 10°C. ‘rhe error on 
the high range would be of the order of twice this 
amount. ‘The thermal-inertia effect becomes most 
serious when the reading is taken immediately after 
switching on the current. Thus with one of the pyro- 
meters, a reading taken some 20 sec. after switching on, 
at a scale reading of 1,000°C., was about 8° C. lower 
than the reading when thermal equilibrium had been 
reached. In order to be free of these effects the minimum 
length of a filament should be 60 mm. for a dia. of 
0:06 mm., and 50 mm. for a dia. of 0-04mm. The 
flat filament has been shown to be superior to the 
cylindrical filament in both respects. 

The Optical System.—In only one of the pyrometers 
were the entrance and exit angles of the telescope in 
agreement with those worked out by Fairchild and 
Hoover for good disappearance of the filament. Non- 
disappearance of the filament, however, was observed. 
in only one pyrometer. This has been shown to be 
due to the low resolving power of the eye-pieces em- 
ployed. In consequence the reproducibility of reading 
is not as high as possible. For a high magnification 
it is an advantage to use a Huygens eye-piece and a 
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flat-windowed lamp to reduce distortion. A flat filament 
makes possible larger entrance and exit angles than 
may be used with a cylindrical filament, and hence a 
brighter field is possible. This enables much lower- 
temperature sources to be measured. 

The Monochromatic and Absorption Screens.—The 
red glass and absorption screen combination was 
satisfactory from the point of view of giving a good 
colour match, except in one pyrometer where failure 
in this respect was due to the use of too light a red glass 
for combination with the particular absorption screen 
employed. This absorption screen was selective, as 
were all the screens in varying degrees, but this is not 
a disadvantage in itself, provided that good colour 
matching can be obtained in conjunction with a suit- 
able red glass. In one of the instruments, however, 
the use of a selective absorption screen necessitated 
the inclusion of an unsuitable monochromatic screen, 
which gave a low transmission and an effective wave- 
length differing widely from that normally obtaining. 
The black-body temperatures of a non-black-body 
source of emissivity about 0-4 (e.g., tungsten, molten 
steel), as read by two optical pyrometers having effective 
wave-lengths differing by 0-029 » (the range of wave- 
length encountered in the pyrometers examined), differ 
by 6°C. at 1,600° C. 

The desirability of employing a combination of red glass 
and absorption screen to give an absorption constant, 
K, which does not vary with the temperature of the 
source, has been mentioned. 

The method of interposing the absorption screen 
between the filament and the source is a point of design 
which should receive some attention. In two of the 
pyrometers it was observed that the absorption screen 
was interposed by rotating it about an axis at right- 
angles to the axis of the telescope, and unless the “ in” 
position is well defined there is a danger of the screen 
being tilted in the beam of radiation, thus causing the 
effective transmission of the screen to be reduced. 
It would seem preferable to rotate the screen about 
an axis parallel to the axis of the telescope or to use a 
slide at right-angles to the axis. 

The Measuring Equipment.—The brightness of the 
filament in four of the five pyrometers was measured 
in terms of voltage. In one of these a simple voltmeter 
across the lamp terminals was employed, and the 
instrument suffered therefore from a very cramped 
scale ; 10°C. equalled 0-7 mm. scale length at 800° C. 
and 1-0 mm. at 1,500° C. on the low range, and about 
0-6 mm. on the high range. The other three pyrometers 
had bridge circuits, enabling the use of the whole scale 
of the voltmeter. In one of these instruments the 
length of scale for 10°C. on the low range was | mm. 
at 800°C., and 2-7 mm. at 1,400°C. The indicating 
instruments are obviously subject to some parallax 
error, which may amount to 2° or 3°C. on the low 
range, and twice this on the high range of the pyrometer. 
The question of balance of the indicator is also of im- 
portance, since it may be read in any position. A 
difference of about 10° C. in reading from the horizontal 
to the vertical position of the telescope was observed 
in one instance. The temperature coefficient of the 
indicator may account for a difference of reading of 
2°-3° C. on the low range for a change of 10°C. in 
ambient temperature, and about double this amount 
on the high range of the instrument. Two designs of 
bridge unit have been employed and, in one of these, 





spring contacts are used in the low-resistance arms 
of the bridge. When it is realised that a change of 
0-01 ohm in the resistance of either of these arms 
produces a change of about 10°C. at a scale reading 
of 1,600°C., it is seen that such a design may cause 
error by change of the contact resistance. 

The potentiometric system of measurement has been 
shown to be superior to the use of either an ammeter 
or a voltmeter, both from the point of view of elimination 
of many of the errors to which deflection instruments 
are subject and that of obtaining a more open scale. 
In the instrument employing a potentiometer, the scale 
was about four times the length that obtained in any 
of the deflection instruments. 

The general conclusion deduced from this examination 
of five different models of portable disappearing-filament 
optical pyrometers is that in four of them the combined 
effect of the various defects is to cause uncertainties 
of measurement, in works practice, of about + 10°C. 
on the low range and + 20°C. on the high range of 
the instrument. ‘The fifth instrument was not subject 
to appreciable errors of design, and the uncertainty 
of measurement with this pyrometer could probably 
be placed at about + 3°C. on the low range. 

Personal 

Mr. LouGHNAN St. LAWRENCE PENDRED has retired 
from his position as editor of The Engineer, after 50 
years’ service with this well-known journal, 40 years 
of which he occupied the editorial chair. He became 
editor in 1905 in succession to his father, Vaughan 
Pendred, who had himself been editor for 40 years. 
It is noteworthy that Loughnan Pendred is succeeded 
by his son Benjamin, who may well complete a century 
of service by one family to one of the premier engineering 
journals of the world. Many readers will join us in 
expressing the hope that such an unusual achievement 
will be accomplished, and that Loughnan Pendred will 
be spared to join in the centenary celebrations. 


Mr. ALBERT CorRKER has resigned his position as a dir- 
ector of The Midland Iron Company, Ltd., Rotherham, 
after 62 years’ service. He commenced as an office boy 
with the company in 1884, and in his early days studied 
metallurgy in Sheffield Technical Schools. In 1925 he 
was appointed a director, and in 1926 succeeded the 
late Mr. Baylis as managing director. 


Ligut-Cpr. B. J. Jones has returned after several 
years with the Forces, and is resuming his position as 
Publicity Manager to Johnson Matthey and Co., Ltd. 


Mr. A. J. Murpny, M.Sc., F.1.M., has been elected to 
the Board of J. Stone & Co., Ltd., Engineers and 
Founders. , 

Mr. Murphy, who came to the Company as Chief 
Metallurgist, in 1931, from the National Physical 
Laboratory, has taken an active part in various technical 
organisations concerned with non-ferrous metals, serving 
as Chairman of the Research Board of the British Non- 
Ferrous Metals Research Association and having recently 
completed a period of service as Vice-President of the 
Institute of Metals. He is also a Member of Council of 
the Institution of Metallurgists and is a representative 
of the Non-Ferrous Industry Committee on the Engineer- 
ing Divisional Council of the British Standards 
Institution. 
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Reviews of Current Literature 


Patternshop Organisation and Management 
It is surprising what little real knowledge of pattern- 
making is possessed by the average engineer, yet it is 
one of the fundamental sections of engineering upon 
which the engineer depends to give shape to his ideas. 
It is true that the patternmaker is usually supplied 
with drawings, but he is required to visualise the finished 
structure and make his patterns so that the required 
structure may be obtained. In doing so he may suggest 
modifications in design to facilitate prcduction or to 
make production possible, he therefore becomes a key 
man to the engineer. Thus, in the training of the 
engineer, some time in the patternshop is of great 
advantage. Indeed, many engineers of eminence com- 
menced their training in the patternshop and in some 
cases completed their apprenticeship to this trade. 

Because of its importance, therefore, patternshop 
organisation and management is of interest not only to 
the progressive patternmaker but to the executive 
engineer, and, as the author of this book is a foreman 
patternmaker, his views on the planning of patternshops, 
order routine, machinery, layout, and storekeeping 
systems are informative as well as of interest. It seems 
to the reviewer that too much attention is given to 
patternshop machines and their upkeep, however, the 
enterprising journeyman will gain much from a careful 
study of this book. 

By A. H. Squire ; published by Charles Griffin & Co., 
Ltd., 42, Drury Lane, London, W.C. 2. Price 7 /6 net. 


Patternmaking for Gears 

In the average book dealing with patternmaking the sub- 
ject of pattern-work for gears is given very limited con- 
sideration. ‘here are two main reasons for this apparent 
neglect of an important subject, the first being that a 
book dealing with patternmaking as a whole must 
present information on all other aspects of the subject, 
the second being that patternmaking for gears is of a 
specialised character and not all authors of books 
dealing with patternmaking have had first hand 
experience of gear patternwork. In the preparation 
of the present book, however, which deais exclusively 
with gear patternwork, the author has undoubtedly 
had considerable experience in this specialised field and 
presents the subject in a way which cannot be otherwise 
than of assistance to patternmakers whatever their 
experience. 

‘he author deals more especially with gear pattern- 
work necessary for machine moulding, rather than com- 
plete patterns, and although some of the constructional 
details are open to criticism, for instance, screwing 
into end grain and using an acute angle in the rebate of 
the corebox shown in Fig. 7, these are of a minor 
character and do not detract from the sound information 
given on the work the patternmaker is required to do 
for this type of casting. Although patternmaking for 
gears is somewhat specialised, a patternmaker may be 
called upon, in almost any patternshop, to do work of 
this type and unless he is in possession of the funda- 
mental principles involved and sure of his ground, he 
would need to confess his incompetency to deal with the 
work—a reflection on any patternmaker claiming to be 
a craftsman. This book will enable many pattern. 
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makers to overcome omissions in their training. The 
subject is well presented and carries 87 illustrations. 

By G. Offiler ; published by Charles Griffin & Co., Ltd, 
42, Drury Lane, London, W.C. 2. Price 7 /6 net. 


Standard Methods of Analysis of Iron, 
Steel and Ferro-Alloys 


THIS succinct and most useful compilation will be 
warmly welcomed by the practising analyst. In 
embodying a good deal of the considerable progress made 
in metallurgical analysis during the past decade, the 
volume represents a marked advance over the previous 
(second) edition, which itself had so gratifying a recep- 
tion in 1936. By dint of extensive revision in the light 
of external recent researches at home and abroad, on the 
one hand, and independent findings in the Companies’ 
several laboratories on the other, an exceedingly practical 
set of more or less up-to-date methods has been achieved. 

No claim is laid to marked originality, which indeed is 
not a characteristic of the work, but laudable attention 
has been given to detail. When reviewing the previous 
edition, the present reviewer wrote: “ ‘lhe essence of 
this useful bench companion is brevity, the text being 
free from diagrams and consisting solely of procedure, 
with no reference either to theory or to sources,”’ and, 
apart from the introduction of three diagrams, the same 
is true of the new arrangement. While it is, perhaps, 
invidious in a work of this kind to refer to any of the 
innumerable earlier sources, it is thought that the volume 
could have been greatly strengthened by conventional 
individual acknowledgement of the more recent of the 
publications exploited. Similarly, some of the newer 
methods, at least, call for a certain amount of theoretical 
explanation in the interests of the non-specialist worker. 

In the main, the procedures are sound and they are 
described in a clear and lucid manner. Physico-chemical 
processes are not exploited. Some 46 methods for iron 
and steel, comprising Part I, are arranged in alpha- 
betical order of the 21 constituents considered, which 
now include lead, niobium, nitrogen, selenium and tin, 
but not oxygen or hydrogen. There is a conservative 
preference for gravimetric and volumetric methods, 
only six of the processes being colorimetric. No separate 
methods are given for special cast irons, and it is evident 
that in devising general methods to serve for both irons 
and steels, the foremost consideration has been steel 
analysis. Modifications to be applied in the presence of 
the commoner interfering elements, as well as amplifying 
instructions, are to be found throughout in the form of 
appended notes. In most cases, it is assumed that the 
qualitative composition is already known, that very 
rare constituents are absent, and that rapidity is not a 
major requirement. 

In view of the importance of the book, which compares 
very favourably with similar works, it seems desirable 
to call the attention of the less experienced chemist to 
a number of possible sources of error, though to suggest 
that such deficiencies in the text are of a serious nature 
would be hypocritical. In the method chosen for 
determining aluminium, an adaptation of the reviewer's 
cyanide-hydroxyquinoline process, it should have been 
indicated that following digestion with ammonium 
persulphate, treatment with hydrochloric acid is always 
necessary, in order to decompose the smal] surviving 
amounts of persulphuric compounds, which would 
oxidise and darken the hydroxyquinoline complex. 
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This is best collected in a sintered glass funnel and not 
on paper pulp, the decomposition of which is a source 
of delay. Unless the cyanide-treated solution is heated 
rather slowly, conversion of the iron salts may not reach 
completion. The amount of potassium cyanide specified 
is insufficient for a 2g. sample not subjected to the 
bicarbonate separation. The complex may be dried to 
constant weight in a much shorter time than the stipu- 
lated two hours. 

Provision should have been made in the methods for 
arsenic for the possible presence of insoluble arsenical 
compounds. The phosphoric acid used in the method 
for arsenic in tungsten materials is almost bound to 
extract arsenic from ordinary glassware. At atime when 
all-dry combustion trains are proving so advantageous 
for the determination of carbon, the choice of liquid 
scavenging agents is hard to justify. Since the resistance 
offered by the caustic absorbent increases with usage, 
the volume-indicating manometer requires frequent 
recalibration. A certain means of avoiding unrepresenta- 
tive portions of cast-iron samples lies in igniting an entire 
sample of 1-3 g. of turnings, collected on glazed paper. 
The method described for determining graphite would 
yield misleading results if applied to alloy irons contain- 
ing insoluble carbides. Nickel and chromium are but 
two of several elements, which, if present in appreciable 
proportions, cause interference in the Eggertz method. 

In the determination of chromium, neither treatment 
with sodium fluoride nor evaporation to the point of 
fuming can be relied upon to completely decompose the 
carbides. The persulphate method, which, incidentally, 
serves for contents much below the stated minimum of 
0-+2%, requires catalysis by silver nitrate only because 
the final sulphuric acid concentration exceeds 1-8 ml. 
(S.G. 1-84) per 100 ml. The degree of acidity chosen 
for the diphenyl-carbazide reaction exceeds the colour- 
stability range, and vanadium interferes in this reaction. 

Acetic acid is less selective than hot water as a solvent 
for nitroso-B-naphthol, used in the method for cobalt. 
Use of the term colwmbium to describe ‘the element 
niobium intrigues the reviewer, who sometimes himself 
violates international agreement in the matter. Had the 
method for this element been adjusted to serve for steels 
containing titanium, tungsten, zirconium and tantalum, 
it would have been generally applicable. he pride of 
place accorded the bismuthate method for manganese 
is in keeping neither with the adsorption involved, the 
instability of the filtrate, nor the frequent presence of 
manganese in the reagent. It is not necessary to resort 
to the chlorate method for all cobalt steels, some of which 
respond well to the persulphate-arsenite method. Certain 
special cast irons fail to yield their full manganese con- 
tent when subjected to but a single zinc oxide separation. 
A notable omission is the excellent periodate method 
for manganese, which is not always uneconomical. 

As given, the lead molybdate method for molybdenum 
does not take into account the hydrolysis of aluminium 
from acetic-acetate solutions, nor the very large quantity 
of ammonium chloride (at least 30g.) required by 
phosphoric irons. To precede the a—benzoin-oxine 
precipitation by evaporation and baking is to invite 
low results, since, in the presence of hydrochloric acid 
gas, molybdic oxide volatilises at temperatures as low 
as 150°C. Extraction of molybdenum oxythiocyanate 
is to-day obviated by providing colour-stable conditions. 

It is implied that the initial precipitation of nickel 
by dimethylglyoxine may be carried out in the presence 
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of tungstic oxide, and insoluble carbides. When cobalt 
is present in preponderant amounts, it is a good plan 
to preoxidive the element before treatment with di- 
methylglyoxine. 

Gravimetric methods do not always yield reproducible 
results when applied to very low nickel contents, for 
which colorimetric methods have their advantages. 

If the excess of permanganate in the method given for 
phosphorus were reduced with alkali nitrite instead of 
sulphurous acid, the subsequent special reduction of 
vanadium would be obviated. ‘The elimination of 
arsenic from certain arsenical steels would require 
somewhat more than the 10 ml. of hydrobromic acid 
stipulated. in view of the high concentration of hy- 
drochloric acid in the process described for selenium, 
this is fully applicable to tellurium steels ; a sintered 
glass crucible, used in place of the subsequently decom- 
posed filter pad, would effect a useful saving in time. 

The section on silicon could profitably have included 
a note to the effect that for materials relatively rich in 
copper, molybdenum or vanadium, a non-oxidising sol- 
vent is unsuitable. The use of 1 : 2 perchloric acid as a 
direct solvent is not to be recommended for certain 
white cast irons. In the determination of silicon in 
tungsten materials it is evidently assumed, rightly or 
wrongly, that the solvent action of phosphoric acid on 
glassware is completely counteracted by the polymerising 
tendency of fuming sulphuric acid. It should, perhaps, 
have been emphasised that the final heating after 
treatment with hydrofluoric acid must be carried out at 
the same temperature as the ignition itself in order to 
ensure constancy in weight of the contaminating oxides. 
Residues containing tungsten should not be heated at 
temperatures higher than 800° C. 

That old stager, the gravimetric method for sulphur, 
becomes quite untrustworthy when applied to phos- 
phoric cast irons, which contain an insoluble ccmpound 
of manganese sulphide and titanium phosphide. Com- 
plete precipitation of minute sulphur contents is best 
facilitated by the pre-addition of a few milligrammes of a 
soluble sulphate. Omission of the evolution method for 
sulphur in carbon steel is probably wise, in view of the 
frequent presence nowadays of interfering traces of 
molybdenum. Much of the reliability of the combustion 
apparatus described (no dimensions are given) is depend- 
ent upon frequent removal of iron oxides from the 
combustion tube and glass adaptor, a point overlooked 
in the text. Combustion tubes having a reduced exit 
end are equally satisfactory. The element columbium 
would probably interfere in methods devised for titanium 
and tungsten. A note on the recovery of cinchonine 
would have helped to conserve the very limited supplies 
now available. Inthe colorimetric method for vanadium, 
the stated possible additions to the blank should have 
included copper. The cupferron process for zirconium 
appears to be subject to interference from vanadium ; 
the various arsonic precipitants are far more specific 
than cupferron. 

Part II consists of 15 remaining pages devoted to the 
determination of manganese, silicon, chromium, molyb- 
denum, titanium, tungsten and vanadium, in their 
ferro-alloys. These methods are commendable, but a 
number of the more occasional interfering constituents 
have not been taken into account. Ferro-manganese 
of high silicon content is not always completely soluble 
in nitric acid. If the preheating of ferro-silicon and 
alkali peroxide is carried out at about 300°C., quiet 
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_ decomposition is thereby effected and the possibility of 


violent spattering during the subsequent fusion is thus 
avoided. After pulverising, the various ferro-alloy 
samples should be dried at 100°-110°C. A useful 
addition to this section would have been a brief account 
of standard methods of sampling. 

An otherwise useful and recent list of atomic weights 
ignores elements Nos. 43, 61, 84, 85, 87 and 89, the 
values for which are now well established. The terms 
“fraction’’ and “ fractionation’? are misused when 
applied to aliquot parts. There is some misconception 


about the removal of nitrous oxides, which cannot be 
effected in entirety by the simple expedient of boiling 
the solutions concerned. 

Notwithstanding the foregoing suggestions, which 
are offered in a purely constructive spirit, the compilers 
are to be sincerely congratulated on having avoided most 
of the usual pitfalls, and on having subscribed so useful 
a contribution to the literature. 

Copies may be obtained on application to the 
Publications Department, The United Steel Companies 
Ltd., 17, Westbourne Road, Sheffield, 10. Price 7 /6 net. 





Some Recent Appointments 


Mr. Rospert SHONE has been appointed Secretary of 
the British Iron and Steel Federation. He will combine 
this appointment with Directorship of economic work 
of the B.I.S.F. During the war Mr. Shone was General 
Director of Statistics, Costs and Prices of the Iron and 
Steel Control. He twice visited America for the Ministry 
of Supply—on the first occasion in connection with the 
planning of the U.S.A. control of steel distribution on 
the lines of the British system. 

Mr. Shone, who is thirty-nine, has had a distinguished 
academic career. After taking an honours degree in 
Engineering, followed by research work in Metallurgy, 
he held a Commonwealth Fellowship in America, where 
he did post-graduate work in Economics. For several 
years Mr. Shone worked on the commercial side of the 
steel industry. He was for a time a lecturer at the 
London School of Economics and in 1936 took charge 
of the statistical and economic work of the Federation. 
It is largely due to his personal efforts that the 
Federation has been able to supply statistics about the 
industry so promptly since the war ended. 


Mr. G. H. Latruam has been appointed President-Elect 
of the British Iron and Steel Kederation, to take office 
in 1947 in succession to Mr. Ellis Hunter. 

Mr. Latham has had a life-long association with the 
iron and steel industry, having spent the whole of his 
business career with the Whitehead Iron and Steel Co., 
Ltd., the well-known Monmouthshire firm of re-rollers, 
of which he is now Chairman and Managing Director. 
He was Managing Director of Richard Thomas and Co., 
Ltd., during the period the company was under control, 
a post he undertook as a service to the industry as a 
whole to further the well-being of the South Wales’ 
tinplate industry. Recently he was elected Chairman 
of the National Association for Rolled and Re-Rolled 
Steel Products. He is also Chairman of the Light 
Rolled Steel Products Conference. 


Lorp ABERCONWAY has been appointed Chairman of 
the Sheepbridge Coal and Iron Company, Ltd., in 
succession to Sir Henry K. Stephenson, who remains 
a Director. 


Mr. Witt1am J. WicNey has been appointed Vice- 
Chairman of Andrews Toledo, Ltd., Sheffield. He is 
succeeded as Managing Director by Mr. Malcolm Brown, 
formerly of Hadfields, Ltd. 


Mr. C. J. LAKE and MR. C. H. KAIN have been appointed 
Joint Managing Directors of Lake and Elliot, Ltd., of 
Braintree, Essex. 
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Mr. E. 8. Gregory and Mr. W. J. Davies, have been 
appointed Sales Representatives in South Wales for 
Thos. Firth and John Brown, Ltd. A branch office 
has been opened at 106, Bute Street, Docks, Cardiff, 
where Mr. Gregory or Mr. Davies will be available to 
give every possible assistance. With this change of 
policy the agency sales representation of this company, 
which has been in the hands of Messrs. Power Units, 
Ltd., Swansea, has been concluded. 


Dr. Lestiz Arrcnison has been appointed to the newly 
established Chair of Industrial Metallurgy, at Birming- 
ham University. Educated at Sheffield University, 
where he obtained his Doctorate in Metallurgy and 
subsequently became a lecturer in the Metallurgical 
Department, Dr. Aitchison has had wide industrial 
experience, and among his appointments included that 
of Consulting Metallurgist to the Air Ministry, the 
Association of Drop Forgers and Stampers, as well as 
various motor firms in the Birmingham district. 


Mr. L. A. Keutsry, M.I.P.E., of Melford House, Albert 
Road, Wolverhampton, has relinquished his appoint- 
ment as General Works Manager of H. M. Hobson 
(Aircraft and Motor) Components, Ltd., Wolverhampton. 
An announcement concerning his future plans will be 
made shortly. 


Mr. C. G. G. Boswoop, Mr. A. 8. Git and Mr. C. E. G. 
Nye have been appointed to the Board of Messrs. 
George Cohen, Sons and Co., Ltd., as Special Directors. 
Mr. R. 8. Ferry succeeds Mr. Boswood as Secretary 
of the company. 


Mr. A. S. Jounston, Mr. A. Linpsay, J.P., and Mr. 
W. M. Service, B.S.c, A.R.S.M., have been appointed 
Special Directors of William Beardmore and Co., Ltd., 
Glasgow. 


Mr. Henry W. Bowen, O.B.E., has been appointed 
Managing Director of the new company, E.M.I. Factories 
Ltd., which is taking over operation of the E.M.I. 
manufacturing plant throughout the world, covering 
E.M.I., His Master’s Voice, Columbia, Marconiphone, 
Parlophone, and H.M.V. Household Appliances. 

Sir Alexander Aikman, who temporarily filled the 
position of managing director, has been elected Chairman 
of the Board. 


Mr. J. D. S. Murrweap, formerly Director of Machine 
Tool Control to the Indian Government, has been 
appointed Resident Technical Adviserand Representative 
throughout India for the Tube Investment Group. The 
object is to establish a technical advisory service for 
Indian industrial users of British precision steel tubes. 
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Mr. H. WitiiaMs has been appointed a Director and 
General Manager of Park Gate lron and Steel Co., Ltd. 
Mr.-T. W. Edwards, Commercial Manager and Secretary 
of the company has been appointed Assistant Managing 
Director. 


Mr. H. Jack, chief electrical engineer ; Mr. A. A. PoLLOCK 
chief mechanical engineer, and Mr. L. J. Davies, head of 
the research laboratory, have been appointed Directors, 
of British Thomson-Houston, Co., Ltd. 

Mr. Jack, who is a graduate of Glasgow University, 
joined the company in 1908. Most of his time with the 
company has been spent in association with the A.C. 
Engineering Department, of which he became head 
in 1922, and in 1945 he was appointed Chief Electrical 
Engineer. 

Mr. A. A. Pollock graduated at the Royal College of 
Science, Dublin, and joined the company in 1902, 
being attached to the D.C. Department. In 1919 he 
was responsible for the design of what was then regarded 
as the largest reversing rolling mill motor (25,000 h.p. 
peak). In 1923 he designed the propulsion machinery 
for the first Diesel-electric ship built in Britain, and 
in 1941-43 he was responsible for the design and manu- 
facturing technique of electric torpedoes. He was 
appointed Chief Mechanical Engineer in 1945. 

Mr. L. J. Davies gained an open Exhibition in Natural 
Science, at Oxford, and after graduation carried out 
research work on low-pressure electrical discharges. 
He joined the company’s Research Laboratory in 1924, 
became head of the Vacuum Physics Section, and was 
appointed Lamp Research Engineer in 1942, and was 
appointed head of the Research Laboratory in 1945. 


Mr. Georce ParKIN has been appointed Chief Metal- 
lurgist to J. B. and S. Lees, Ltd., West Bromwich. 
He has had many years’ experience with Sheffield steel 
companies, and is resigning from Spear and Jackson, 
Ltd., to take up the new appointment. 


Mr. C. F. Batrstone, Midland branch manager of the 
British Aluminium Co., Ltd., has been appointed 
Principal Assistant Sales Manager, as from April 1, 
1946, and has taken up his duties in the sales depart- 
ment of the Sales Division at the company’s head 
offices, Salisbury House, London Wall, London E.C. 2. 
(Telephone No. Clerkenwell 3494.) 

Mr. C. G. Pountngey has been appointed Midland 
Branch Manager, in place of Mr. C. F. Batstone, as 
from April 1, 1946, and has taken up his duties at the 
company’s Midland branch office, at Lansdowne House, 
41, Water Street, Birmingham,3. (Telephone No. 
Birmingham Central 3053.) 


Mr. A. G. CHarues has been appointed Director of 
Non-Ferrous Metals of the Ministry of Supply, in 
succession to Mr. R. D. Burn who, by agreement, has 
been released from his duties in that capacity. 


Mr. J. J. P. Mackenziz, B.Sc., M.1.Mech.E., has been 
appointed Sales Representative in the Yorkshire area, 
for Hadfields, Ltd. Mr. Mackenzie, who has assumed 
his new duties, is a member of their engineering staff, 
and during the war period was resident manager of a 
Government factory under the firm’s control. 


Mr. Percy P. Levy has been appointed to the Board 
of Lirectors of H. B. Barnard and Sons, Ltd., of London, 
Dudley Port and Grangemouth, metal merchants and 
manufacturers. Mr. Levy has had _ considerable 
experience in the non-ferrous metal trade. 
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Mr. A. E, McRag Smrru, M.A., is relinquishing his : 


position with the Development and Research Depart- 
ment of the Mond Nickel Co., Ltd., to take charge of 
the foundry consulting activities of the Keighley 
Laboratories, Ltd., consulting metallurgists and foundry 
specialists, as from May 1, 1946. 


Mr. B. P. CHELTENHAM has been appointed a Contact 
Officer for the British Export Trade Research Organisa- 
tion. He is a Sheffield man, and took an engineering 
degree at Manchester University. After service with 
Metropolitan-Vickers, he joined Vickers, Ltd. At the 
beginning of the war he became senior inspecting 
officer for the Chief Inspector of Armaments, and, as 
such, was given a special assignment to investigate 
all large engineering and steel-making plants in France 
and Belgium, and reported back direct to the British 
Government. His special field of activity on behalf 
of B.E.T.R.0. is to discuss with potential members of 
the organisation in the steel manufacturing, con- 
structional, mechanical and electrical engineering in- 
dustries, the value of the organisation in relation to 
long-term export planning against the time when the 
present sellers’ market in all such products becomes 
more competitive. 


Mr. GeorG REHDER, for 18} years Managing Director of 
the British organisation of the Uddeholm Steel Co. Ltd., 
left this country recently for the United States of 
America where he will take control as President of the 
Uddeholm Company of America Inc. The British Or- 
ganisation, the Uddeholm General Agencies Ltd., will 
carry on under the control of Mr. Cecil W. Robinson and 
Mr. A. Hornby Rathbone as joint Managing Directors. 


Raw Materials Department—Transfer to 
Board of Trade 


Tue transfer of the Raw Materials Department from 
the Ministry of Supply to the Board of Trade, an- 
nounced some time ago, took effect from April 1. The 
address of the Department is now I.C. House, Millbank, 
London, 8.W. 1 (‘rel. : Franklin 2211), and all inquiries 
(which hitherto would have been addressed to Shell Mex 
House) should then be addressed there. Branches of 
R.M.D. situated outside Shell Mex House remain at 
their present addresses, but under the Board of Trade. 

Responsibility for salvage and certain semi-manu- 
factured and manufactured articles is being transferred 
at the same time. 

The following materials, previously dealt with by 
the Raw Materials Department will, however, remain 
with the Ministry of Supply: Agates, antimony, 
arsenic metal, cadmium, carbon and graphite electrodes 
for furnaces, chrome, cobalt, copper, columbite, diamond 
dies and tools, dolomite, fluorspar, lead, quartz crystals, 
tantalite, tin, foundry bending materials, grinding 
wheels (including abrasives), iron and steel and ferro 
alloys, magnesite, molybdenum, monazite sand, nickel, 
refractories, tungsten, vanadium, zinc. 

Joint Orders giving effect to the transfer and schedul- 
ing of the Control Orders involved have been issued by 
the Ministry of Supply and the Board of Trade. The 
Orders are entitled ‘the Ministry of Supply and Board 
of Trade (Various Controls) (No. 1 and 2) Orders. It 
is provided that any relevant licences issued prior to 
April 1 will remain in force. 
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Cast Iron in Contemporary Building 


and Engineering 
By J. G. Pearce, M.Sc., F.Inst.P., M.I.-Mech.E., M.I.E.E., F.I.M. 


(Director, British Cast Iron Research Association.) 


Cast iron is essentially an alloy of iron and carbon, containing more carbon than steel, and having 
properties that are, like those of steel, influenced by other elements commonly associated with the 


metal, 


The art of the founder and the science of the metallurgist lies in adjusting the composition, 


section of casting and process of manufacture as to produce castings of the required shapes from 


metal having the desired properties. 


Iron castings may be made in sizes weighing from a fraction 


of an ounce up to 200 tons or more and possessing tensile strength up io 45 tons /sq. in. In @ recent 
lecture on the subject before the Royal Society of Arts Mr. Pearce briefly surveyed the early develop- 
ments of cast iron as a@ structural material and then directed his attention to its manufacture and 


Uses. 


containing more carbon than does steel, which 

in turn contains more carbon than wrought iron, 
for this, being virtually carbon-free, is a commercially 
pure iron. Whether a given material is a cast iron or a 
steel cannot be precisely determined from its carbon 
content alone, owing to the influence of the presence of 
other elements now commonly found in both steels and 
cast irons, but in the large majority of cases the micro- 
scope will readily decide whether a given material is 
cast iron or steel. In a pure iron-carbon alioy the limit is 
1-7%. With lower, and usually much lower, carbon 
contents we get steels, and with higher, up to about 
4%, we get cast irons. An alloy of nothing but carbon, 
over |-7°,, and iron is hard, brittle and unmachinable, 
since the carbon exists in the combined state as carbide 
of iron, or cementite, which confers on the fracture a 
characteristic appearance from which it derives its name, 
white iron. he presence of other elements in commercial 
materials, however, does not prevent white iron castings 
being made, and their industrial applications arise from 
the resistance their hardness offers to abrasion, erosion 
and wear. In addition, they form the starting point for 
the manufacture of malleable cast irons, which are 
produced by submitting white iron castings to a thermal 
treatment or anneal, resulting in a comparatively 
ductile material. The great bulk of cast irons, however, 
are used in a machinable form usually known as grey 
cast iron and in this only part of the carbon exists in 
the combined state, the balance existing in the free state 
as graphite. The element usually used to control the 
division of these states of carbon is silicon, and the initial 
discovery of the quantitative effect of silicon is little 
more than half a century old. 

Yhe art of the founder and the science of the metal- 
lurgist lies in so adjusting composition, section of casting 
and process of manufacture (e.g., moulding materials, 
melting conditions, etc.) as to produce a metal of the 
required properties. The large bulk of cast iron made is 
used, with or without machining or finishing, in the 
as-cast condition, although it may be thermally treated 
after casting to soften it for easier machining, to relieve 
internal stress, or to improve mechanical properties. 
Castings may be made in sizes weighing from a fraction 
of an ounce, to large anvil blocks or ingot moulds 
weighing 2C0 tons in one piece. A wide range of qualities 
is available: engineering grey iron castings may be 
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Here an effort has been made to present some of the main features of his discussion. 


obtained under national specifications with tensile 
strengths varying from 9-26 tons per square inch ; 
malleable castings can be prcduced with elongations in 
tension varying from 3%-20°%,; castings surface- 
treated for hardness may be produced up to 1,000 
Brinell. A wide variety of finishes may be applied to 
the material for technical and decorative purposes, the 
former including corrosion-, heat- and wear-resistance. 
Finishing processes take one of three forms. In the 
first, the surface of the metal may be chemically 
modified, as in various oxide or phosphate treatments. 
In the second, a coating may be applied, as in the 
vitreous enamel process, from which a porcelain-like 
finish results, in a variety of attractive colours. Metal 
coatings may be applied by hot dipping, as tin, zinc, 
and silicon, chromium, zinc, aluminium may be applied 
by other processes. Many metal coatings can also. be 
applied by electro-plating or by metal spraying. Thirdly, 
paint, varnish or lacquer can be applied. Pipes are 
usually given a bituminous coat by dipping and pipes 
may also be concrete-lined or glass-lined for special 
purposes. 

Ordinary machinable grey cast iron is structurally 
pearlitic or ferritic, or a mixture of both, while white irons 
are predominantly cementitic. During the past 25 years, 
as a result of a vast amount of experimental research, 
iron castings can be made in which any required metal- 
lurgical structure predominates. Austenitic cast irons 
are especially resistant to heat and corrosion and are 
non-magnetic and relatively ductile, while martensitic 
cast irons are highly resistant to wear and abrasion. 
The latest type, acicular cast irons, can be produced 
commercially in strengths of 25-45 tons per square inch 
and tougher than other engineering irons. Irons con- 
taining chromium or silicon are highly resistant to heat 
and/or corrosion. The word “ cast-iron” therefore 
represents not one material, but a remarkable range of 
alloys which find steadily increasing use in industry. 


Manufacture and Uses 


The modern foundry is a combination of the art of 
the moulder and coremaker with the science of the 
metallurgist, chemist and foundry engineer, and requires 
skilled executive control. The industry has been pro- 
foundly influenced not only by scientific and technical 
developments, but by continuous production methods 
used where castings of similar size and shape are to be 
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made in quantity. Moulds and cores are made on 
machines, sand is fed to the machines by hoppers filled 
from an overhead conveyor; assembled moulds are 
mechanically conveyed to the furnace, are filled, con- 
veyed again to the knock-out stripping station, where 
the castings are removed for cleaning. The sand is 
returned to a treatment or reconditioning plant before 
being circulated again to the moulding machines to 
complete the cycle. 

The variety of applications of cast iron reveals its 
ubiquity. The bulk of the weight of many engines and 
machine tools is cast iron. ‘The cylinder, pistons and 
piston rings of the locomotive, many parts of oil and 
petrol engines, the chairs supporting the railway sleepers, 
the tunnel segments of underground railways, roadways 
like the Mersey Tunnel, road and transport signs, grids 
and manhole covers, telephone kiosks and pillar boxes, 
pipes, are made in this material. In the home, stoves 
and cookers for gas, electricity and solid fuel, radiators, 
lawnmowers, baths, boilers, switch-boxes, hollow-ware, 
are found, frequently in a variety of the finishes 
mentioned. 

The industry is spread throughout this country and 
operates through 1750 establishments widely varying in 
size, but employing in the aggregate about 100,000 
people. The output in normal times is roughly divided 
as to one-third for castings for domestic uses, archi- 
tecture, building and civil engineering, and the remainder 
for industry, engineering, chemical and metallurgical. 


War Production 


During the recent war the whole industry was turned 
to war production and the manufacture of castings for 
ordinary civilian purposes practically ceased, although, 
of course, some war uses were analogous to peace-time 
uses. Many munitions applications, however, were new, 
and called for much ingenuity and care on the part of 
founders faced with problems with respect to labour 
supply, raw materials and equipment. Cast and 
malleable cast iron were used for practice shot, shell, 
H.E. bombs, smoke bombs, incendiary bombs, fuze 
bodies, grenades, mine sinkers, locomotive wheel 
centres, tank track links and bogie wheels, brake drums 
for tanks and armoured fighting vehicles, and a whole 
range of castings for engineering purposes, for land, sea 
and air service, as well as for industrial plant and 
equipment. Official reviews of the war effort usually 
deal with finished products and assemblies in which the 
identities of the individual castings are lost. One 
foundry alone produced during the war over 75 million 
castings, and its coremaking department was required 
to produce 90 million cores for them. 


Recent Developments 


Among the most striking of these recent developments 
is the cast iron crankshaft, for of all engine components, 
the crankshaft, constantly in motion and subject to 
alternating stresses, is the last which one might expect 
to find in a material popularly, if not quite justifiably, 
supposed to be brittle. Many thousands of these shafts 
and also camshafts, have been made for gas, oil and 
petrol engines. The U.S. Navy is using cast iron crank- 
shafts in diesel engines having 9 or 10 cylinders, with 
crank pins 6} in. diameter and 8 in. journals. These 
shafts not only show exceptional resistance to wear and 
ability to absorb vibration, but they can be cast very 
closely to finished size. A 7-cylinder engine with 9 in. 
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crank pins and journals weighed when finished 87% 
of its cast weight. In many forged steel shafts two-thirds 
to three-quarters of the original forging is removed in 
preparation, but in the case of cast iron shafts the 
amount removed is often less than 10% and in some 
cases as little as 3% of the original weight of the casting. 

British ironfounders intend to exploit in every way 
possible the resources and skill of British workers, 
scientists and managers in making the fullest use of 
iron castings. Their faith in the future does not rest 
either on past traditions or upon the fact that their 
material is relatively cheap, but upon the knowledge that 
it is unsurpassed for its purposes by any other material 
or process, and that for certain purposes it is indispens- 
able. Its manufacture employs almost wholly native 
raw materials and this makes no demands on foreign 
exchange. Once design is agreed, production is com- 
paratively rapid and does not involve the delays, or 
alternatively the large stocks, required for materials 
undergoing a sequence of refining operations. The 
engineer is able to obtain the most varied sections in 
one piece. The architect and domestic user can obtain 
products to which the fullest modern resources in 
design are applied. No country enjoys any technical 
superiority over this country in this field. 


Steel Chief Retires 


AFTER 50 years’ service with the iron and steel industry, 
Mr. Andrew Jollie, one of its most respected figures, 
has announced his retirement from the chairmanship 
of the National Association for Rolled and Re-Rolled 
Steel Products. Mr. Jollie, who is chairman of Steel, 
Peech and Tozer, the well-known Yorkshire steel 
company, is also a director of the United Steel Com- 
panies Ltd., and was for a time chairman of the National 
Billet Associations. 

Those connected with the industry will remember 
the part he took with the negotiations in connection 
with its re-organisation in 1932-33. At that time 
Mr. Jollie became chairman of the Co-ordinating 
Committee set up by the billet makers, heavy steel- 
makers and independent re-rollers. It was largely as 
a result of their meetings with the Import Duties 
Advisory Committee that the present organisation of 
the industry began to take shape. At a later stage 
the National Association for Rolled and Re-Rolled 
Steel Products was formed. 


Sulphur-in-Steel Determination Apparatus 
A New apparatus for the rapid determination of 
sulphur in iron, steel and ferrous and non-ferrous alloys 
is described in a recent publication by Griffin & Tatlock 
Ltd. The combustion method is described and it is 
claimed that a complete sulphur determination by this 
method requires about four minutes. Experimental 
notes are included in this publication, copies of which 
may be obtained from Griffin & Tatlock Ltd., Kemble 
Street, London, W.C.2. 


Tue MINIsTRY oF SUPPLY announces that on and from 
April 1 the price of tin sold by the Directorate of Non- 
Ferrous Metals for export from the U.K. is fixed at £357 
per ton f.o.b. U.K. port for common tin in ingots (of 
99% minimum purity, but less than 99-75%, tin content) 
in lots of one ton and upwards, with the usual extras 
for all other grades, shapes and sizes. 
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Possible Future Activities of the Institute 
of Metals and British Metallurgy 


It is noteworthy that at the recent annual meeting of the Institute of Metals the custom of 
an incoming President to address the members in a formal manner was revived by Col. 
P. G. J. Gueterbock, C.B., D.S.O., M.C. This practice was abandoned during the war 
years, the last formal address before this Institute being delivered by Dr. C. H. Desch, 
F.R.S., in 1938, and its restoration will be welcomed by many members because of the 
opportunity it gives a new President to refer to objectives which are suggested to effect 
the progress of British metallurgy and the development of the Institute in particular. It 
is believed readers will appreciate the following abstract from Col. Gueterbock’s address. 


important metallurgical industries—at times the 

greatest in the world—and to-day, if they are 
surpassed in magnitude elsewhere, they are second to 
none in scientific and technical achievement. 

We are entering on a period which may well produce 
changes and developments at least as great as those 
which have taken place during the war, not only in the 
metallurgical sciences and industries, but. in the social 
atmosphere which will form the background of the 
metallurgical worker’s life. This is, therefore, a fitting 
occasion on which to consider how far the future activi- 
ties of the Institute, and British metallurgy generally, 
may contribute to the fulfilment of our hopes for the 
reconstruction and rehabilitation of Great Britain and 
the Empire in a shattered world. 

Because metals play such an important part in war, it 
is often thought that war is favourable to the develop- 
ment of metallurgy, and it is pointed out that great 
metallurgical advances have been associated with the 
last two great wars. Though not disputing the stimulat- 
ing effect of war requirements, I believe this thesis is 
based on a very profound misconception. ‘The repeated 
use of stimulants is as detrimental in this case as it is in 
others. The major effect of these wars has been to shake 
the foundations of civilised life, and further wars on such 
a scale would as surely obliterate our civilisation as did 
the wars which led to the break-up of the Roman Empire. 

The progress of civilisation and the production and 
use of metals have ever gone hand in hand from the 
Bronze Age to the Light Metal Age which is now dawn- 
ing. If our civilisation perishes, so will the science and 
art of metallurgy with which it is associated, and the 
connection between modern civilisation and metal- 
lurgical activities is so close that if Great Britain is to 
maintain its position in the vanguard of civilisation, we 
must ensure that we remain among the leading metal- 
lurgical nations. It is worth considering, therefore, some 
of the factors which may prove decisive in determining 
the metallurgical future ofthe United Kingdom. Whatever 
other natural advantages this country may possess, we 
must face the fact that our non-ferrous metal mines are 
virtually exhausted and therefore we shall require more 
metals than we can obtain from indigenous ores, if we 
are to maintain a reasonable standard of life. Our success 
or failure will depend on the degree to which we can 
utilise our other natural assets, such as geographical 
position, coal and iron deposits, scientific and technical 
skill, and, above all, the best elements of the British 
character on which ultimately the survival of this 
country depends in peace as much as in war. It is not 
easy to assess to what extent, at the moment, the country 


| _ many centuries Great Britain has possessed 
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as a whole realises the effort which will be necessary to 
re-establish even our pre-war standard of life and the 
far greater effort which will be required to approach any- 
of the various types of millenium which are now being 
dangled so freely like carrots in front of our noses. On 
the other hand, members of this Institute are sufficiently 
aware of the many scientific, economic, and industrial 
problems awaiting solution, to realise that we shall have 
to make great exertions and see that such exertions are 
wisely directed, unless we are prepared to endure long 
years of sordid austerity. It will need the enthusiastic 
and willing co-operation of men of science, technologists, 
administrators, and manual workers to bring a speedy 
end to the present hard times, and such organisations as 
ours can, to my mind, render very considerable assistance 
in this direction. 

The immediate task before the nation is that by its 
services it should not only increase the value of its 
necessary imports of raw material to pay for them and 
the imported food which we require, but render such 
greater services that we in this country may enjoy a 
large share of the results of our thrift and labour, be it of 
head or hand. The unmined minerals and the fertility of 
the soil can be regarded as only potential wealth, which 
by human skill and endeavour must be converted into 
kinetic wealth by the production of goods and food and 
the transport of these products to the places where they 
are needed, one of the places where they are most needed 
being the homes of our own people. In our industry, if 
we are to use effectively our greatest national asset— 
British determination and energy—we must not only 
use metals to produce saleable goods, but we must 
recover wastage and provide new metals from imported 
ores, rather than pay others to perform these services 
for us. We cannot afford just to add the finishing touches 
to other people’s work. Moreover, our ability to produce 
goods of the highest quality must be encouraged, and 
this can only be done if we in our capacity as producers 
and consumers have a high standard ever before us. 
From this point of view, the present state of affairs, in 
which the best-quality goods are reserved for export, is 
to say the least unfortunate. There is a distinct danger 
of people becoming satisfied with the second rate because 
they see nothing better to inspire their taste and skill. 

As far as the production and use of metals are con- 
cerned, the Institute can do a great deal to encourage 
that interchange of ideas and dissemination of knowledge 
among all engaged in metallurgy, by which alone the 
efficiency of the whole industry may be brought to the 
highest pitch. Let me remind you that the Institute was 
founded to promote the science and practice of non- 
ferrous metallurgy in all its branches. Before we can 
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decide whether in fact we are taking a sufficiently broad 
view of our duties, we must decide exactly what we 
mean by metallurgy, and whom we mean to include as 
workers in the scientific and practical fields, on whose 
efficiency our future depends. The word * metallurgy ” 
has been used at different times with very different 
meanings. he Greek word “ metallon”’ meant a mine 
or quarry and was not used in the sense of mineral or 
metal which prevails in the Latin word “‘ metallum.” It 
was doubtless derived from the verb ‘‘ metallao ’’ which 
as used by Homer, means “ I search carefully or enquire 
diligently.”* ‘The verb “ metallourgeo ” simply means 
“| dig from a mine.”’ It is easy to see how the sense of 
this word was gradually expanded to include the process 
of extraction of metals and ultimately of their 
fabrication. 

To come to more recent times, Percy} defines metal- 
lurgy as “ The Art of extracting metals from their ores, 
and adapting them to various purposes of manufacture,” 
which is substantially the meaning now generally 
accepted. If this be agreed, it would seem that process 
metallurgy is well within the purview of the Institute, 
though hitherto we have given our chief attention to 
physical metallurgy. We must bear in mind that no 
section of metallurgy can prosper independently, and 
that though there are a number of organisations with 
specialised functions, there are only two, the Iron and 
Steel Institute and the Institute of Metals, which 
between them have been formed to cover the whole field 
both as regards subject matter and membership. ‘That 
is why we can regard with the greatest satisfaction the 
happy way in which these two Institutes are running in 
double harness, and why in particular we in the Institute 
of Metals can and should unhesitatingly interest our- 
selves in every branch of the non-ferrous side. ‘his does 
not mean that we should be busybodies and attempt to 
do the work which is now being done effectively by 
societies with more limited objectives and membership, 
but we can assist them in many ways, as in fact we are 
doing. We foster research and education and we render 
good service by collaborating with the two professional 
institutions. Working together we may look forward to 
maintaining, and where necessary instituting or reviving, 
great schools of metalliferous mining and metallurgy, 
which will produce the trained professional men so 
necessary for active scientific research and technological 
development. These schools must be backed by a 
vigorous and healthy industry which can offer a good 
career and way of life to the professional man and give 
the necessary financial support to fundamental scientific 
work, the sole object of which is the better understanding 
of metallurgical phenomena. 

Most members of the Institute have probably the good 
fortune to be engaged in work which means much more 
to them than the mere means of acquiring desirable 
emoluments, yet we form but a small minority of those 
who make their living by metallurgy. There can be no 
dignity of labour unless the labourer has cause for pride 
in that labour. By all means let us press forward our 
schemes for raising the general intellectual level by better 
education, but in so far as we succeed, it makes it more 
than ever imperative to eliminate the soul-killing job 
The better educated the man, the more he demands of 
his work if it is to be a real solace to him, but we must 
not rest content till our science and technique have 





* Liddell and Scott, ““‘ A Greek-English Lexicon’ (Oxford). 
t Title page of METALLURGY ™ (1861.) 
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rendered obsolete the dull mechanical jobs which can 
bring the individual no real satisfaction in his work, 

It is impossible to over-estimate the importance of 
restoring to the manual worker forms of occupation 
which can arouse his personal enthusiasm and pride. 
I believe that the main responsibility for doing this 
must rest on the shoulders of the man of science and the 
technologist, for on their work the pattern of modern 
life depends. As a society of persons interested in 
science and industry, the Institute of Metals is in a 
position to exercise considerable influence in this matter. 
individual members have great opportunities in connec. 
tion with their own work, but I trust members who are 
interested will consider how the Institute can help in a 
corporate capacity. If a large number turn their minds 
to possible means of solution of the problem, we as aa 
Institute could help by facilitating the exchange of ideas. 


Introduction of B.A. Secondary Aluminium 
Alloys 


THe British ALUMINIUM ComMPaANyY has acquired the 
Latchford Locks (Warrington) Refinery and Powder 
Works, and as from April 1, 1946, the company will be 
able to offer a full range of secondary aluminium alloys 
for incorporation in wrought materials and for casting 
and other purposes. ‘The company has for a great many 
years been oneof the leading manufacturers of granulated 
aluminium powder in all grades. 

‘The Latchford Locks Refinery is one of the most 
up-to-date in the country, and the company has been 
operating it for several years on behalf of the Ministry 
of Aircraft Production. During this time the company 
has been able to give to the production of secondary 
alloys the benefit of its long experience in the production 
of virgin aluminium and in the recovery of process 
scrap arising in the manufacture of its rolled and 
extruded products. 

The quality of the B.A. secondary aluminium alloys 
will be controlled with the same care as that given to 
virgin aluminium and alloys, and the facilities of the 
company’s new, centralised research laboratories are 
available for the development of improved secondary 
alloys and to give technical service to customers. 


Price of Aluminium 


THE MINISTER OF SUPPLY announces that as from 10th 
April, 1946, the price of virgin aluminium in ingot or 
notch bar form is reduced from £85 te £67 per long ton 
delivered into consumers’ works. ‘The new price will 
apply to metal of a purity of 99°, to 99-5°, inclusive, 
with premiums for higher purities. 

This reduction in price is made possible by reason of a 
contract which has just been made by the Ministry for 
the purchase of 215,000 metric tons from Canada over 
the years 1946 and 1947. 


Bessemer Gold Medal for 1946 


THe Council of The Iron and Steel Institute have 
awarded the Bessemer Gold Medal for 1946 to Mr. J. S. 
Hollings, C.B.E., Messrs. Guest Keen Baldwins Iron 
and Steel Co., Ltd., Port Talbot, Glamorgan, in recogni- 
tion of his distinguished services in encouraging technical 
improvement in the manufacture of iron and steel. 
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The Swedish Acid Open-Hearth 


Process 
By S. M. Wejle 


The high quality of Swedish iron ore and the process of melting in the acid open hearth furnace, 
which enable the manufacture of steel low in sulphur and phosphorus, have assisted in building 
up a high reputation for Swedish steel, particularly that made in the acid open hearth furnace. 
Here reference is made to the initial use of a furnace built on the Siemens principle and employing 


an open hearth, and to some factors which contribute in the production of high grade steel. 


Although 


little or no Swedish steel has been used in this country for some years, due to the war, many previous 

users, familiar with the characteristics of Swedish steel, will be interested in the possibility of 

supplies becoming available, and some special applications are mentioned. It is noteworthy that 

the Swedish acid open hearth process has been operated for eighty years and is still in the 
forefront of Swedish steel manufacture. 


HE first successful melting of steel utilising a 
; furnace built on W. Siemens principle of regenera- 

tive heating took place in Sweden at the Munkfors 
Steel Works of the Uddeholm Company as long ago as 
1864. ‘The man in charge was the general manager at 
the works, J. F. Lundin. Two years earlier, P. E. 
Martin had tackled the problem of meiting steel in an 
open hearth but he did not succeed until the year 1865, 
when he too equipped his furnace with regenerative 
heating for gas and air. 

On the European continent the open-hearth process 
used to be called the “ Siemens-Martin method,” but 
according to the above statements it would be rather 
more justified to call it the Siemens-Lundin method as 
the results obtained in 1864 at Munkfors were quite 
independent of the experiments in other countries. 

In this connection it is interesting to note that the 
process is still extensively applied in Sweden as it 
produces a steel in a quality which for many purposes 
is unrivalled. Indeed, it has long been recognised that 
Swedish high grade steel is superior to all other quality 
steels for certain purposes. In such important character- 
istics as elasticity and fatigue resistance steel produced 
in Sweden by the acid open-hearth process is outstanding. 

These features may be ascribed to the manner in which 
the acid open-hearth process is carried out in Sweden, 
thanks to certain resources which are in the nature of 
a national monopoly. In the first piace there is the 
question of the raw materials and although these consist 
of pig-iron and scrap as is always the case with the 
Siemens-Martin process, there are certain outstanding 
characteristics. Swedish pig-iron is not the normal 
product of large coke blast furnaces using ordinary ores 
and giving high sulphur contents but is smelted in small 
furnaces using charcoal obtained from the coniferous 
forests, the purest metallurgical fuel known. Nowadays 
the biast furnaces are often heated electrically, whilst 
the ores are of the highest Swedish quality, having 
extremely low phosphorous and sulphur contents. 

The scrap used in the Swedish acid open-hearth 
process consists entirely of discards from the Company’s 
own mills and, consequently, it is as pure as the charcoal 
pig-iron and can be completely controlled in regard to 
analysis. It will be appreciated that the supply of this 
type of scrap is limited but it can be augmented to a 
certain extent by the use of sponge-iron or iron granules 
which are low-carbon irons, the former produced direct 
from the ore without melting and the other from granu- 
lated charcoal pig-iron. 
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Formerly the carbon content in the steel was judged by 
pouring a test and noting the tendency of a skull to form 
in the spoon. To-day more exacting methods are used. 


Melting Control 
In addition to the special raw materials the actual 
acid open-hearth process in Sweden is also unique. 
The furnaces are small, generally the charge is not 


Through the opened furnace door the boiling steel is 

examined. The heating gases have a temperature of 

1,800° C. or more. A good open boil is essential to produce 
a clean steel. 














Working the charge. 


more than 20 tons, and their design facilitates accurate 
control of the melting on the basis of practical experience 
gained over many years. One important factor in 
producing a good clean steel in the acid open-hearth 
process is to maintain an open boil. 

Metallurgists from other countries are always surprised 
to learn that for certain purposes Swedish acid open- 
hearth steel has proved to be superior to steel of the 
same specification made in the electric are furnace 
using the same raw material in both cases. A particularly 
striking example of this is provided by Swedish ball- 
bearings for which statistical evidence indicates that in 
regard to endurance and reliability obtained steel melted 
by the acid open-hearth process is superior. 

Some Applications of Swedish Steel 

The unique quality of this material is more strikingly 

illustrated in the case of steel in thin dimensions such 


Flapper valve for air compressor made of cold rolled, 
hardened and tempered strip steel. 
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Alloy metals have been added and the steel bath is 
carefully stirred to assist the distribution of the elements. 


as cold-rolled and hardened strip steel 
for saws and springs as well as the very 
thin sizes used for such special purposes 
as flapper valves in air compressors 
and refrigerators, needles and sinkers 
in textile machinery, reeds for wire 
cloth weaving, safety razor blades, 
measuring tapes, thickness gauges, etc. 
some of which are produced as thin as 
0-02 mm. (0-0008 in.). These steels 
are normally supplied in the hardened 
and tempered condition and it is essen- 
tial for the hardness and elasticity to 
be uniform as well as to specification. 
For this purpose accurate rolling and 
careful heat-treatment are not suffi- 
cient, but it is essential for the raw 
material to be absolutely uniform and 
reliable and, preferably, also not liable 
to decarburisation, which reduces hare 
denability. In this respect Swedish acid 
open-hearth steel is in a special class. 

The bearded needles and latch needles 
used in hosiery machines are made of 
steel wire or cold-rolled strip, supplied in the unhar- 
dened state to permit punching, slotting and hook- 
swaging for which purpose the steel must be clean 
and free from hard inclusions. Subsequently, harden- 
ing and tempering is carried out to develop the 
fatigue resistance required to enable the needles 
to withstand the innumerable bends to which they 
are subjected in use. It has been claimed that other 
steels have not the same latitude in hardenability, and 
are therefore not so reliable for the purpose 
mentioned. 


Effect of War on Supplies of Swedish Steel 


During the recent war many countries were cut off 
from their supplies of Swedish steel and, consequently, 
energetic attempts were made to replace them by a 


Various textile machine parts made in cold-rolled 
strip steel, in the unhardened, stiff rolled, or 
hardened tempered and polished condition. 
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domestic product. In several cases these efforts were 
successful, and in such cases the choice between Swedish 
and domestic material will in future be governed largely 
by price and time of delivery. 

On the other hand for many of the purposes mentioned 
above, it proved impossible to reach the Swedish 
standard. ‘he knowledge and experience of the Swedish 


metallurgist and, last but not least, the skilled work- 
manship of the operatives all contribute to the high 
quality of Swedish steel, which often make price a 
secondary consideration, and many former users with 
exacting demands have expressed the wish of again 
taking advantage of the outstanding qualities of Swedish 
steel for special purposes. 


Gas Carburising 
A New Controlled Atmosphere Plant 


Several methods are used to provide steel parts with a hard, wear-resisting surface and yet retain a 

tough interior. The pack method, referred to as box carburising, is probably the more common, 

but liquid carburising, cyaniding and gas carburising are other methods employed. The latter 

method is used extensively in the United States, probably due to the wider availability of natural 

gases, but it possesses many advantages which warrant its greater use in this country and a briefly 
outlined description of a gas carburising system and of furnace design is given. 


employed in modern engineering practice. For 

instance, in the pack method usually referred to 
as “ box carburising ”’ the work is heated in contact with 
solid compound which, when at temperature, forms 
carbon monoxide and at the surface of the steel decom- 
position takes place, nascent carbon going into solution 
with the steel, and the resultant carbon dioxide reacts 
immediately with the carbon in the compound to form 
fresh carbon monoxide. Likewise, liquid carburising 
and cyaniding are processes used to accomplish a hard 
surface with a tougher interior but are limited commer- 
cially to a comparatively less depth of case than is 
practised in the pack method. 

Gas carburising has been used less extensively outside 
the United States of America than its possibilities seem 
to warrant, probably due to the wider availability in the 
U.S.A. of natural gases, most of which permit concentra- 
tions of hydrocarbon considerably above the minimum 
necessary for active carburising without excessive 
carbon deposition. Carbon is available in the gaseous 
state as carbon monoxide as illustrated by the reactions 
in pack carburising and also as hydrocarbons such as 
methane, ethane, propane and butane which may be 
classified as carburising agents. The hydrocarbons 
break down at carburising temperatures to carbon and 
hydrogen and if undiluted liberate an excessive amount 
of carbon in the form of soot or coke on all exposed 
surfaces, while if highly diluted the rate of reaction with 
the steel is too slow for commercial purposes. It will be 
seen, therefore, that there is an upper limit in a car- 
burising gas and by increasing the concentration beyond 
the point at which carbon will diffuse into the steel, 
degrees of free carbon deposit will be caused and further 
inter-action of the gaseous carbon compounds and steel 
impeded. 

The first pre-requisite, therefore, after the selection 
of a suitable carburising agent is to provide an effective 
carrier gas or diluent for the hydrocarbon gas, free from 
decarburising gases such as carbon dioxide and water 
vapour, and assuming these provisions, gas carburising 
practice may well become as extensively employed as 
other carburising methods. Furnace design is naturally 
an important factor in connection with the successful 
application of the process as in batch or semi-continuous 
working a uniform concentration of hydrocarbon gas is 
essential for uniform carburising, while accurate control 


GS lempose methods of carburising are universally 
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of working temperature with a high degree of evenness 
throughout the working space must be maintained. 
Continuous furnaces require a slightly modified technique 
in the application and control of the carburising gas. 


Advantages of Gas Carburising 

Whilst the chemistry and mechanism of gas carburising 
are well known, the translation of this knowledge into 
practical and reliable effect under conditions of rigorous 
control to ensure absolute uniformity is an art which has 
been less understood. As an outcome of very thorough 
and exhaustive research and practical experiment the 
automobile, general engineering and allied industries 
may have confidence that a comprehensive scheme which 
is metallurgically sound and successful in practice has 
been developed which is likely to appeal generally to 
heat-treatment engineers. The manufacturers of the 
equipment described have evolved a system of gas: 
carburising by means of which any quality or depth of 
case can be produced in the minimum of time under 
conditions of extreme economy and reliability. 

The outstanding advantages of a controlled gas 
carburising system are that it is applicable to the whole 
range of case depths covered by other methods, the time 
required for heating and carburising are substantially 
reduced, the high labour cost involved in packing and 
unpacking boxes is eliminated, the material cost of 
compound or carburising salts is dispensed with and 
maintenance charges for carburising boxes or cyanide 
pots are non-existent. In the system described the 
preheating and carburising phases are under strict con- 
trol and a diffusion period can be provided if desired, 
bright cooling may be exercised with a subsequent re- 
heating operation for case hardening or a direct quench 
from the furnace for case hardening can be carried out 
without difficulty. Continuous furnaces, not described 
in this article, are arranged to provide a direct quench 
or bright cooling as may be specified by the heat- 
treatment engineer. 


General Outline of System 

A simple self-contained gas carburising installation 
consists of several furnace bases with work covers, one 
mobile furnace capable of being located on any base, a 
gas preparation plant for the diluting media, a supply of 
specially selected hydro-carbon gas, and master control 
panels. The work covers are of two types, one having 
a dome-shaped top so that when the furnace is removed 
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TYPICAL LAYOUT OF PATENT INC 
Typical layout of a gas preparation plant and furnace installation. 





Fig. 1. 


the cooling phase takes place under the protection of a 
controlled atmosphere, while the other type of cover has 
an open top to facilitate lifting out a charge of work for 
direct quenching after the furnace lid has been removed. 
A typical layout is shown in Fig. 1. 


When in operation the complete installation is 


arranged with the furnace in position over a charge of 


work inside a cover on a furnace base. If bright cooling 
is specified, a second base will contain a charge of work 
cooling inside a domed cover and the third base is then 
available for removing a carburised load and laying a 
new charge. The furnace is not allowed to cool down 
substantially in transfer so that rapid heat recovery is 
obtained when it is started-wp in turn over each base 
and when engaged on a normal cycle, ample time is 
provided for laying a new charge of work. The carrier 
gas preparation plant is connected to each furnace base 
and the controlled atmosphere is fed fo the base carrying 
out the heating and carburising phases and the base 
dealing with the cooling cycle, while being shut off from 
the third base until just prior to the commenecment of 
the heating cycle. During the carburising plese a 
measured quantity of hydrocarbon active carburising 
agent is admixed with the diluent gas providing a suit- 


able concentration to preduce the maximum rate of 


carburising withcut danger of free carbon deposit. 
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All phases of the system are under precision control 
with automatic regulation where practicable reducing 
the need for technical supervision for the successful 
exccution of the process. During the preheating and 
coolirg phases the work is protected by a specially 
prepared controlled atmosphere, and only during the 
carburising period dces the controlled atmosphere act 
es a carrier or diluting gas for the carburising agent, 
which is added through a mixing device external to the 
furnace. 


Carrier Gas Preparation Plant 


The basis of the system described is a new controlled 
atmosphere plant developed to manufacture from town 
gas a hydrocarbon diluent or carrier gas which alone 
supplies a protective atmosphere for heating and cooling 
steel withcut detriment to surface finish. A notable 
feature in the plant design is that the finally conditioned 
gas is initially provided from the products of combustion 
resultirg frem burning the fuel used to maintain the 
cracker element at the requisite temperature for reaction. 

Charcoal is employed as the reactive agent in a cracker 
tube fitted inside a vertical retort which is heated by 
means of spirally wound radiant tubes each element 
being provided with controlled air/gas mixing burners. 
The products of combustion are passed thrcugh a heat 
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exchanger and twin condensers for cooling and reduction 
of the water vapour. Carbon dioxide and water vapour 
both active decarburising agents still remain and there- 
fore via the heat exchanger the gaseous products are 
passed through the charcoal cracker, carbon dioxide 
combining with carbon to form carbon monoxide and the 
remaining water vapour reforming to carbon monoxide 
and hydrogen. 

The final analysis of the carrier gas may be in the order 
of 20° carbon monoxide, 2°, hydrogen, with the balance 
nitrogen, carbon dioxide being virtually absent and the 
dewpoint below minus 40° F. Fig. 2 illustrates a typical 
Cracker Unit with a control panel in the foreground. 


Furnace Design 

The present review is iimited to a semi-batch type 
installation employing town gas as the source of thermal! 
energy, but electrically heated bell type furnaces may be 
used as an alternative. Spirally wound radiant tubes are 
fitted inside the cylindrical insulated furnace unit, and 
in view of the fact that the products of combustion do 
not enter the work chamber, complete control can be 
exercised over the furnace atmosphere. 

Spiro-ray elements have been applied to many con- 
tinuous and batch type furnaces with outstanding success 
and in fact are a unique development in the field of 
radiant heating by gas, showing in practice a substantial 
economy in fuel consumption bypromoting more efficient 
combustion than is universally obtainable in the conven- 
tional straight tubular element. 

Each furnace base is provided with a high velocity fan 
to create turbulence inside the work chamber promoting 
rapidity of heat input to the load and an efficient mixture 
of the carburising agent and diluting media to ensure 
uniformity of carburising throughout the charge. 
Automatic temperature control is applied and the time, 
temperature cycle is recorded in the usual manner while 
pressure gauges and flow indicators with hand control 
valves are provided in the master panel. 


Conclusion 
Within the limitation of a short article it would be 
presumptuous to review the research and experiment 
promoting development of the gas carburising system 
briefly outlined, and no attempt is made to describe the 


British Export Facilities 


HE recent announcement of Government co-opera- 

tion, through the Board of Trade, with the British 
Export Trade Research Organisation is welcomed by 
all industries directly concerned with exports. Out- 
lining the arrangement in the House of Commons 
recently, Mr. H. A. Marquand, Parliamentary Secretary 
to the Department of Overseas Trade, said that in 
order that our exports may reach the volume essential 
for our national well-being, it is necessary that exporters 
should have the fullest possible information on con- 
ditions in overseas markets. Firms are encouraged 
to send their own representatives abroad to study 
such conditions; arrangements have also been made 
for His Majesty’s Commercial Diplomatic Officers and 
Trade Commissioners to submit continuous general 
reports and economic reviews. 

Discussions between the Board of ‘rade and 
B.E.1'.R.0. have resulted in a working arrangement, 
and as soon as B.E.T.R.O. have been able to engage 
the necessary trained personnel for posts abroad and 
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Fig. 2._-Typical cracker unit with control panel. 


finer technique of the process or make precise claims 
concerning economies. The commercial advantages of a 
practical gas carburising scheme are too well known to 
need emphasis and the purpose herein intended is to 
introduce a comprehensive, well tried system, trouble 
free in operation and capable of producing dependable 
results with normal workshop supervision. 


The information given in this article and the illustra- 
tions are presented by the courtesy of Incandescent Heat 
Co. Ltd., Smethwick, Staffs. 


to send out special investigators, they will be in a 
position to provide for their members more detailed 
reports which will supplement the general reports 
which are made by the Commercial Diplomatic Officers 
and ‘lrade Commissioners. To ensure the closest 
possible working between the Government services 
and B.E.1.R.0., to avoid duplication of effort, and 
to give maximum service to exporters, a joint committee 
of the Department and that organisation will be set 
up to review results periodically and to arrange forward. 
programmes. 

Lhese facilities, which will embrace the latest scientific 
fact-finding methods, should be of great assistance to 
British exporters in long-term export planning. 
ENGLISH STEEL CorRPoRATION, Ltp., have recently 
opened a new sales centre in Leicester, at 43, Gallowtree- 
gate. ‘The office will be in charge of Mr. Brian T. Good, 
Assoc. M.Inst.C.E., who will have with him Mr. H. J. 
Bird, whose special interests will be tool steel, small tools, 
and other products of the firm’s Openshaw works. 
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Tellurium-Copper in the Development of 
the Magnetron 
Tue beneficial effect of small alloy additions to copper 
is admirably shown by a detailed description of the 
part played by tellurium-copper in the development 
of the magnetron given in a recent Bulletin of the 
Copper Development Association. ‘lhe magnetron, an 
outstanding British invention, is a device for generating 
very high frequency currents, and played a vital part 
in the development of radar. ‘lhe body of the magnetron 
is a complicated part machined from a solid copper bar 
up to three or four inches diameter, and contained 
numerous slots and holes of various sizes. Initially, 
the whole operation of the device depended upon the 
accuracy with which the machining could be carried 
out, and it was not possible to allow a dimensional 
tolerance greater than + 0-C€005 in. 

Considerable attention was given to the develop- 
ment of free-machining high-conductivity copper before 
the war by a small addition of tellurium, usually 
between 0-5 and 1-0%, but comparatively little 
interest was taken in its production in this country 
until this special need arose. From the start in the 
manufacture of the magnetron, tellurium-copper has been 
used in this country for the body; its use has enabled 
high speeds of production with much reduced tool wear. 

The small addition of tellurium makes copper almost 
as free-machining as free-cutting brass. It makes 
possible the production of high-speed machine-made 
copper parts with increased accuracy and better finish, 
relatively free from burrs, which are often troublesome 
with ordinary copper. The thermal and electrical 
properties of the metal are little affected, while its 
tensile strength and elongation are substantially the 
same as for ordinary copper, with the added advantage 
that the material will retain properties imparted by 
work hardening at temperatures which would cause 
ordinary copper to soften. It is also suitable for hot 
forging and stamping. 


New Kaiser Car 
KAISER-FRAZER Corporation’s entry in the automobile 
industry—the Kaiser, named for Henry J. Kaiser— 
will be a full-sized six-passenger automobile with new 
body lines and the following outstanding features : 

It will be the first American car in the low-priced 
field to have front-wheel drive. The six-cylinder 85-h.p. 
engine together with the clutch, transmission, and final 
drive assembly form a single “ packaged power unit ”’ 
forward in a manner which makes it possible for the 
engine, transmission, and differential to be lifted clear 
for easy service. 

Unlike other types of front-wheel drive made in the 
United States, the Kaiser engine is placed forward of 
the front driving axle, thus maintaining a more constant 
centre of gravity and resulting in better traction under 
all driving conditions. 

The Kaiser is the first mass-production passenger car 
in America to have independent “ torsionetic suspen- 
sion”’ on all four wheels. Twisting action of heat- 
treated steel bars gives new smoothness of ride at all 
passenger loads. Hydraulic shock absorbers complete 
this unique assembly. 

Body and chassis form a single unit of the type known 
as “monocoque” construction, eliminating strain, 
shifting between body and frame, and body squeaks. 





~ From Mechanical Engineering, February, 1946. 
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Metallurgical Equipment Export Co., Ltd, 
A DESIRE to build up a satisfactory exporting position 
is interesting the minds of many engaged in the varioug 
forms of industry. It is noteworthy, therefore, that on_ 
the subject of metallurgical installations action hag 
been taken to co-ordinate the export activities of 
several companies. For instance, a company has been” 
formed, under the above title, which includes such 
well-known firms as Davy and United Engineering ™ 
Co., Ltd., Electric Furnace Co., Ltd., Head Wrightson 
and Co., Ltd., Joseph Parks and Son, Northwich, 
Cheshire, Vickers-Armstrongs, Ltd., and The Wellman 
Smith Owen Engineering Corporation, Ltd. 

It is not intended that these companies should lose 
their identity in the export field, the prime function 
of the new company, referred to as MEECO, being 
the co-ordination of schemes in which two or more of 













them are concerned, and to assist foreign buyers of 
equipment to obtain complete metallurgical installa- 
tions made by British engineering companies. 

The companies mentioned are too well-known to 
readers to even briefly refer to their particular activities 
but it is noteworthy that firms of such high standing 
should co-operate so that the needs of overseas con- 
cerns can be met by British metallurgical installations. 


Catalogues and Other Publications 
A Very useful brochure has been published dealing with 
the history and development of phosphate coatings 
as a protection against corrosion. Particular attention 
is given to Parkerising and Benderising methods, 
especially to preparation of components before treat- 
ment. Copies of this brochure may be obtained from 
the Pyrene Company, Ltd., Metal Finishing Division, 
Great West Road, Brentford, Middlesex. 
GRIFFIN AND TaTLocK, Lrp. have issued a leaflet 
(GT 1353) describing the Microid Nalik press, which is 
an improved British-made press for use in extruding 
alkali metals as wire. The name Nalik is derived from 
the chemical symbols sodium, lithium and potassium. 
Copies are available from Griffin and Tiatlock, Ltd., 
Kemble Street, Kingsway, London, W.C. 2. 
Sunvic Controts, Lrp. have published a brochure 
giving information about a proportioning head which 
can be applied to any standard Toluene Regulator. 
With the aid of this proportioning head a fineness of 
regulation of the order of five milli-degrees can be 
obtained. Detailed information and method of operation 
are given in the brochure, which can be obtained from | 
Sunvie Controls, Ltd., Stanhope House, Kean Street, 
Aldwych, London, W.C. 2. 
TanGyEs Lrp., Cornwall Works, Smethwick, Birming- 
ham, have issued a publication illustrating and describ- 
ing their vertical washing pumps, and hydraulic slewing 
and general-purposes garage press. Essential information 
regarding these machines is given. 
Tue CHURCHILL MACHINE Toot Co., Lrp., Broadheath, 
near Manchester, have recently added to their publica- 
tions detailed information of their model “ BY” 
hydraulic plain grinding machines—a new series specially 
designed for continuous heavy-duty service, with the 
minimum attention and upkeep cost. These machines 
represent the most advanced design in small plain 
grinding machines, and are built in various standard 
length capacities. This new publication is admirably 
illustrated and informative. 
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A N American contemporary has raised anew the subject of the training for analytical chemistry. 


The principles which govern 


This is sound sense, 


So that, while there should, by all means, 








whereas good curves were obtained for lead and cad- 
mium at —-)-40 volts and —0-60 volts. Later workers 
have verified Heyrovsky’s results but obtained better 
results by using a weakly acid zinc solution. Amongst 
these, H. Hohn®, produced good results by using a solu- 
tion whose concentration amounted to 5 g. of zinc alloy 


The solution of the zinc alloy in sulphuric acid and the 
subsequent determination of the trace elements, has not 
been used because of the comparatively low solubility 
of zinc sulphate and the loss of lead due to precipitation 
as_ lead sulphate. However, F. Ensslin‘ has developed 
the following method for the determination of lead and 
cadmium after the zinc sample has been dissolved in 


Dissolve 100 g. of sample in 240 ml. 1 : 1 nitric acid, 





: 
7 From the arguments put forward, it is clear that, however things may work in practice in the 
of United States, there is a much more progressive attitude to this problem than is usually voiced in this 
a = country. tis pointed out that while the industrial demand for classical analysis may have declined, 
the practice of analysis along physical and microchemical lines (the two are frequently pretty well 
to synonymous) has advanced to the point where there is demanded something more than the conventional 
28 training in physical or organic chemistry plus an interest in analysis. 
ig the older and newer systems—factors of precision and accuracy, and, above all, training in funda- 
n- mentals of chemistry—are the same. It is first stressed that undergraduate training should not aim 
“7 to provide organic chemists, or physical chemists, or analytical chemists ; it should mould chemists. 
On the post-graduate training should rest the responsibility of carrying the chemist further, to the 
point where he can with justification pin to himself a discriminatory label. 
and sense that is too often, on this side of the Atlantic Ocean, rejected. Specialisation is nowadays 
th essential ; but any h lalises t ly b imented % h l hi. , 
8 : y man who specialises too early becomes regimented in a channel from which, even 
“a had he any such desire, he will find it impossible to escape. 
- be chairs in this, that and the other chemistry, they should sit round a common table with the primary 
r aim of making chemists ; later they will train chemists to be specialists. 
m ° . 
n, 
Applications of the Polarograph to 
et ° * 
is 
; Metallurgical Analysis 
m 
n. By G. W. C. Milner 
., (Bragg Laboratory N.O.1. Dept., Sheffield, 9.) 
» | 1. The Determination of Trace Elements in Zinc and Zinc Alloys 
rr. After a review of the various methods which have been proposed from time to time, the author 
of describes in some detail satisfactory methods for the determination, polarographically, of traces 
De of copper, lead, tin and cadmium in zinc and zinc alloys. 
mn 
m HE determination of lead, cadmium, copper, tin 
t, and thallium in zine and zine alloys has been 
attempted by many workers. J. Heyrovsky! 
g- was the first to publish a method for the determination 
b- of copper, lead and cadmium in pure zine. He dissolved 
4 the sample in hydrochloric acid and found that a con- 
m centrated solution gave the best results—namely, 1g. in 12 ml. of solution. 
of sample in 18 ml. of acid. In a later publication 
h, Heyrovsky” has emphasised that a large zinc concentra- 
a- tion must be used for the copper, lead and cadmium 
. determination—namely, 1g. of sample in 10 ml. of 
ly hydrochloric acid. A single recording of the polarogram 
1e gave curves for copper, lead and cadmium, using a 
es sensitivity of 4 of the Heyrovsky type polarograph, when 
in each element was present up to 0-005%. The copper nitric acid :— 
rd curve was near to zero potential and poorly defined, 
ly 1 J. Heyrovsky, Mikroche mie, 1933, 12, 25. 2 * 3 H. Hohn, Chem. Ztg., 1938, 62, 77. 
2 J. Heyrovsky, “ Polarographie,” 1941, p. 325. 4 F, Ensslin, Metall, u, Erz., 1940, 37, 171-172. 
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then add 200 ml. of concentrated nitric acid and make the 
bulk up to 500 ml. Pipette 5 ml. of this solution into a 
dry beaker and add 5 ml. of a base solution consisting of 
1,800 ml. of saturated ammonium chloride solution and 
200 ml. of 2% tylose solution. De-aerate the solution by 
passing hydrogen and record the polarogram. 

Ensslin claimed that by this method lead contents in 
pure zine of the order of 0-0005°%, could be determined 
with an accuracy of 20%. Also since the zinc sample is 
dissolved in nitric acid, any tin present in the alloy will 
be precipitated and will not interfere with the lead 
determination. 

An examination of tables of half-wave potentials 
shows that in the case of the determination of cadmium 
and lead in acid or neutral solution, overlapping may 
occur because the half-wave potentials of lead, tin, 
thallium, indium and cadmium are very close together. 
Heyrovsky* gives these values with respect to the 
saturated calomel electrode as: Lead, -—0-46 volts ; 
tin, -0-47 volts; thallium, —0-50 volts ; indium, —0-56 
volts ; and cadmium, —0-63 volts. M. Voriskova® has 
shown that thallium and cadmium have half-wave 
potentials of -0-52 volts and -0-85 volts in ammoniacal 
media. Since the voltage difference between the half- 
wave potentials of the two curves is —0 -33 volts it should 
be possible to determine thallium and cadmium simul- 
taneously in zine alloys containing lead, tin and indium 
by employing an ammoniacal media. These facts were 
first used by F. Ensslin, H. Dreyer and K. Abraham® 
who developed a method for the simultaneous determina- 
tion of cadmium and thallium in zinc alloys. A single 
recording of the polarogram of an ammoniacal solution 
of the zine alloy produced good curves for both 
metals. 

W. Seith and W. vor dem Esche’ developed difference 
methods to overcome the overlapping of the curves of 
the trace elements of zinc alloys in acid or neutral 
solution. These difference methods made it possible to 
determine lead, cadmium, thallium and tin traces in 
pure zinc. F. Ensslin, H. Dreyer and K. Abraham® 
report that the results produced by these methods are 
not very exact. However, according to A. 8S. Nickelson 
and J. E. B. Randles* direct methods for the determina- 
tion of copper, lead, tin, and cadmium in high purity 
zine and mazak alloys have now been developed in this 
country. In these methods the zinc alloys are dissolved 
in pure hydrochloric acid since all the usual impurities 
in zine alloys are soluble in this acid. ‘The chloride 
solution obtained gives a well defined anode potential 
with the internal mercury pool anode, which is most 
convenient for routine work. Also, in accordance with 
the results of previous workers, the solutions of the zinc 
alloys are highly concentrated and only weakly acid. 
The following method has been developed for the 
determination of copper, lead, tin and cadmium in high 
purity zinc. 

Place 5 g. of the zinc sample in a 100 ml. conical flask 
and add 20 ml. A.R. concentrated hydrochloric acid in 
two or three portions to control the action. Place a 
small glass bulb in the neck of the flask and apply gentle 
heat, so that the contents are maintained just below the 
boiling point, until the evolution of hydrogen is com- 
plete. (it is important that the less of acid by evapora- 
tion is small at this stage, otherwise when ammonia is 

5 M. Voriskova, Uollect.trar. chim. tcheques, 1939, 11, 580. 

6 F. Ensslin, H. Dreyer and K. Abraham, Metall. u. Er:., 1942, 3), 184. 

7 W. Seith and W. vor. dem. Esche, Zeitschrift. f. Metallkunde, 1941, 33, 81. 

8 A. 8. Nickelson and J. E. B. Randles, “ Poltrographic and Spectrographic 


Analysis of High Purity Zine and Zine Alloys for Die Casting,” His Mijesty"4 
Stationery Office, London, 1945. 
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later added to neutralise the solution insoluble basic 
zine salts will be formed). 

Add a drop of a saturated potassium chlorate solution 
and allow to stand for a few minutes so that all the 
impurities are brought into solution. Boil the soiution 
gently for five minutes to remove excess of the potassium 
chlorate, cool and make the volume of solution up to 


20 ml. Proceed as follows for the determination of the 
elements :— 


(a) Lead and Cadmium.—To 5 ml. of the solution add 
1 drop of a 0-01% aqueous solution of methyl violet and 
ammonia (sp. gr. 0-88) dropwise until the colour of the 
indicator changes to violet. Make the bulk of the solu. 
tion up to 7ml. De-aerate the solution by passing 
hydrogen for ten minutes and record the polarogram for 
lead and cadmium. (Half-wave potentials of —0-46 
volts and —0 -63 volts, respectively vs. 8.C.E.). 

(6) Tin.—To 5ml. of the solution add 2 ml. of a 
saturated potassium bromide solution and mix 
thoroughly. De-aerate the solution and record the 
polarogram for lead plus tin. (Half-wave potential 
-—0:47 volts). The diffusion current due to tin only is 
obtained by subtracting the lead component determined 
in (a) above and suitably corrected for the different 
media. 

(c) Copper.—TYo 5 ml. of the solution add 0-5 ml. of a 
0-2°%, solution of gelatine in water. Mix well, de-aerate 
the solution and record the polarogram for copper. 
(Half-wave potential —0 -25 volts). 

Mazak alloys invariably tentain higher percentages of 
iron and copper than high ‘purity zinc and the above 
method has-been modified to deal with their interference. 
The iron is reduced to the ferrous state when its effect 
is eliminated, but the copper curve is compensated by an 
equivalent reverse current through the galvanometer. 
The following method is recommended :— 

Dissolve 5 g. of sample in 20 ml. of A.R. hydrochloric 
acid as above. Add a few drops of a saturated potassium 
chlorate solution, stand hot until solution is complete 
then boil for five minutes to remove excess chlorate. 
Cool, add 1 ml. 20°, hydrazine hydrochloride solution 
and make the bulk of solution up to 20 ml. Proceed as 
follows for the determination of the elements :— 

(a) Lead and Cadmium.—To 5 ml. of the solution add 
1 drop of a 0-01%, aqueous solution of methyl violet and 
ammonia (sp. gr. 0-88) dropwise until the colour of the 
indicator changes to violet. Place the solution in a 
boiling water bath for several minutes to ensure the 
reduction of the iron. Cool and make the volume of 
solution up to 10 ml. De-aerate by passing hydrogen 
through the solution for ten minutes and record the 
polarograms for lead and cadmium using the compensa- 
tion method to remove the interference of copper. 

(6) Tin.—To 5ml. of the solution add 2 ml. of a 
saturated potassium bromide solution. Place the solu- 
tion in the boiling water bath for several minutes to 
ensure the reduction of iron. Cool and make the volume 
up to 10 ml. De-aerate and record a polarogram for the 
lead plus tin curve, compensating for the copper eurve. 

(c) Copper.—To 5 ml. of the solution add 0-5 ml. of a 
0-2°% solution of gelatine as a maximum suppressor, 
mix well, de-aerate and record the copper curve. 

These methods can be applied directly to the analysis 
of unknown zinc alloys after the polarograph has been 
standardised using synthetically prepared solutions of 
zine alloys. They give good results for the determination 
of copper, lead, tin and cadmium when in general copper 
is <0-02%, lead <0-005%, cadmium < 0-005%, 
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tin < 0-002% and when bismuth, thallium and indium 
are absent. 

There are zine alloys containing high percentages of 
copper and since all the other impurities of these alloys 
are of a low percentage and reduce at the dropping 
mercury cathode at more negative potentials than the 
copper, their direct determination by the above methcds 
is impossible. The curve due to copper must be elimin- 
ated either polarographically by the use of a suitable 
supporting electrolyte or by the separation of the copper 
from the other impurities. Investigations have been 
carried out to separate the copper both by chemical 
precipitation methods and electrochemical deposition 
in hydrochloric acid media using a controlled applied 
potential. More recently, however, M. Spalenka’ has 
reported a direct method for the determination of lead 
and cadmium in zine alloys containing copper. ‘The 
interference of copper is removed by forming the cuprous 
cyanide complex and the dissolved oxygen by the use of 
a sodium’ sulphite solution in alkaline media. Spalenka 
claims that the tollowing method gives good results for 
lead and cadmium in zine alloys in the presence of 
copper, aluminium and traces of thallium, tin, magne- 
sium and manganese :— 

Dissolve 7-5 g. zine alloy in a 50 ml. measuring flask 
in 10 ml. 1: 1 hydrochloric acid, 15 ml. concentrated 
hydrochloric acid and 3-5 ml. concentrated nitric acid, 
all added in small quantities at a time. Boil to complete 
the solution, cool and make up to the mark with distilled 
water. Pipette 10 ml. portions into two 50 ml. measuring 
flasks, representing 1-5 g. of material in each case. ‘Vo 
the first flask add a suitable amount of a standard lead 
and cadmium solution and then dilute both solutions 
with 5 ml. of water. Add the following solutions to each 
flask, thoroughly mixing the contents after each addi- 
tion :— 

9 M. Spalenka, 2. onal. Chem., 19143, 126, 49 39. = 


18ml. of 10.N sodium hydroxide. 

7-5 ml. of a SN potassium cyanide solution in 0-5N 
sodium hydroxide solution. 

3 ml. of a saturated sodium sulphite solution. 

0-2 ml. of a 0-5°% gelatine solution in 0-5N nitric 
acid. 

Cool, dilute to about 49 ml. with distilled water and 
make up to the mark with a 6°%, solution of sulphur 
dioxide. Record the polarogram after allowing the 
solution to attain a temperature of 25°C. Range, 
0 to -0-6 volts. 

The author has modified the above method so that it 
can be applied to the determination of lead and cadmium 
in zine alloys containing copper, atter the alloy has been 
dissolved in A.R. hydrochloric acid according to Nickel- 
son and Randles’ instructions. ‘the following method 
gives good quantitative curves for lead and cadmium :— 

Lissolve 5 g. sample in 20 ml. A.R. hydrochloric acid 
in a 100 ml. conical flask with minimum evaporation 
Add a drop of a saturated potassium chlorate 
solution and allow to stand for a few minutes so that all 
the impurities are brought into solution. Boil the 
solution gently for five minutes to remove excess of the 
chlorate, cool and make the volume up to 20 ml. 

Pipette 5 ml. of solution into a clean dry 100 ml. 
conical flask and add the following solutions accurately 
from burettes thoroughly mixing after each addition :—- 

10 ml. of 10N sodium hydroxide. 

6 ml. of potassium cyanide solution (52 g. in 100 ml. 
water). 

2 ml. of 0-2° gelatine solution. 

Remove dissolved oxygen by sodium sulphite addition 
or by passing hydrogen through the solution. Record 
the polarogram using a suitable sensitivity of the 
polarograph. 

The Director of Scientific Research, Admiralty, has 
granted permission to publish this paper. 
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Miscellaneous Microchemical Devices 
By J. T. Stock and M. A. Fill 


IV. Bottles for Spot Test and other 
Microchemical Reagents 


LYHOUGH the employment of microchemical 

methods enables a substantial reduction in the 
amounts of reagents needed, it does not necessarily cause 
any reduction in the number of reagents likely to be 
required. In fact, since one of the advantages of micro- 
chemical examination is that reagents too expensive for 
use on the macro scale can be employed, the number of 
reagents upon which call is normally made might be 
expected to be greater. Accordingly, the reagent- 
container may, with some justification, be termed a 
fundamental piece of apparatus. 

In designing the assembly described below, the 
principal aims were simplicity of construction, com- 
pactness, rigidity and permanency of labelling. Since 
the principal material is glass tubing, costs are quite 
moderate, and there is no difficulty in fabricating in 
Pyrex or resistance glass, should this be desired. Similar- 
ly, if suitable tubing is available, amber or other coloured 
glass may be used. 
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Two types of reagent bottle are shown in Fig. 1. 
‘Lype (a) has a solid glass rod which is useful for dispens- 
ing small quantities of reagent such as are used in tests 
carricd out upon a microscope slide. For delivering 
somewhat larger amounts, the medicine-dropper or 
pipette pattern shown at (6) is more suitable. The 
method of construction is similar for both types. The 
sizes quoted below concern the actual bottles constructed, 
and, obviously, there is a wide latitude in dimensions. 

Stages in construction, illustrated in Fig. 2, are as 
follows. Lengths of glass tubing having internal 
diameters of 5mm. and of 8mm., respectively, are 
selected. ‘Utube having a wall thickness of about 0-75 mm. 
is suitable. ‘the smaller tubing should slide easily within 
the larger, but the clearance should not exceed 1 mm. 

‘Lhe smaller tube is cut into lengths of trom 25-30 cm. 
A trial will allow the optimum length to be determined. 
The tube is heated in a small, hot flame at a point about 
10 cm. from one end. Rotating steadily, the tube is 
slowly compressed axially until an enlargement in the 
form of a flange or ring is formed. In a similar manner, 
a second flange is formed on the longer portion of the 








~ 71 tube about 5-7 cm. from the first, 
as shown at (a) in Fig.2. The tube 
is now heated midway between 
the flanges, and drawn out, as 
shown at (6). To make the pipette- 
type of dispenser, the central por- 
tion is nicked and broken. ‘lwo 
dispensers, the narrow portions of 
which are shortened to suit the 
containers; are thus obtained. The 
finished component is shown at (c). 
For the rod-type dispenser, the 
narrow portion is cut off short, 
as shown at (d), and a suitable 
length of 1-mm. glass rod is sealed 
on. For this type of dispenser the 
identification label is rolled up and 
slipped into the open end of the 
tube. The latter is then closed, and 
forms the handle, as shown in Fig. 1. 
In the case of the pipette-type of 
dispenser, the label is affixed to the 
outside of the handle, and is covered 
with transparent adhesive cellulose 
tape to prevent damage. A simple 
(b) colour-coding—e.g., pink for acids, 





blue for alkaline solutions, yellow 
for organic solvents, etc., may be 
provided for by using labels written 
on tinted paper. 

To prepare the containers, the 
wider tube is cut into lengths of 9cm. One end of each 
length is closed in the flame; at the other end a thick 
rim is formed, as shown at (e), Fig. 2 The dispensers 
and containers are now assembled in pairs, and the un- 
derside of the flange is ground into the top of the rim, 
using fine emery powder. After washing and drying, 
the bottles are ready for use. 

The bottles may be supported in a block of wood in 
which suitable holes are drilled. A simple seven-bottle 
unit of reagents for carrying out one particular set of 
tests is shown in Fig. 3. For routine analysis or for in- 
structional use, the unit system is advantageous. The 


Fig. 1.-Alternative 
Types of Reagent 
Bottle. 


Reviews of Microchemical Methods 
Two recent papers should provide matter of interest 

for microchemists. ‘The first, | “‘Some Physico- 
chemical Methods in Microchemistry. Viscosity, Surface 
Tension and Refractive Index,” gives a review of 
selected methcds which can be used for the measure- 
ment of these three properties on small amounts of 
material, both micro and semi-micro. The second 
paper,? “ Micro-Filtration—A Review,” presents a 
comprehensive discussion of this extremely important 
chemical operation, and describes the many devices 
which have helped to gain for microchemical methods 
part of their reputation for speed. 


Inorganic Chromatographic Analysis 
N a recent article in this journal® reference was made 
to the work of Erlenmeyer and Dahn*‘ in the in- 
vestigation of 8-hydroxyquinoline as an adsorbent in 
inorganic chromatography. Further work on _ this 
adsorbent® has suggested that use may be made of 
the process for the separation of copper and cadmium. 








1 Cecil L, . Wilson, Analyst, 1946, 71, 117. 
. H. Wyatt, ibid., 122. 
3 I H. Reaucort and D. L. Masters, METALLURGIA, 1945, Aug., 181, 
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small holders, suitably marked to permit easy identifica- 
tion, can be stored systematically. 
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Fig. 2.—Stages in Construction of Dispensers and 
Container. 


In the unit illustrated, the labelling upon the dis- 
pensers is duplicated on the support. In this case, the 
second set of labels is affixcd to a piece of glass rod of 
such a diameter as to slide comfortably within a length 
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Fig. 3.—Seven-Bottle Unit of eunanta. 
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of glass tubing. The ends of the latter are then bent 
downwards at right angles, and are retained by sealing 
wax in two holes suitably drilled in the support. 
aia is quite strongly adsorbed by the oxine, giving 
a greenish band, while much of the cadmium passes 
through the column. The latter may then be tested 
for in the filtrate, by utilising the green fluorescence 
of the cadmium salt of oxine,* no fluorescence being 
shown by the copper salt. ‘The solution which may 
contain the two ions, obtained, for example, by normal 
systematic analysis methods, is made neutral, or at 
the most, very slightly acid, and passed through the 
column. ‘There seems to be no advantage to be gained 
from having the solution ammoniacal. 

The columns were prepared in tubes having 3 in. 
internal diameter, and constricted slightly near one 
end. Above the constriction was placed a short length 
of glass tubing of slightly smaller diameter, and on this 
was laid a circle of filter paper, cut with a cork borer. 
One inch of adsorbent was then added, tapped down, 
and covered with a second filter paper circle. Two 
millilitres of solution were chromatographed, while 
the concentrations of the ions were of the order of 
0-1-1 mg. /ml. 

4 H. Erlenmeyer and H. Dahn, Helr. Chim. 


5 J. A. Bishop, J. Chem. Ed., 1945, 22, 524. 
6 F. Feigl, Qualitative Analysis by Spot Tests, Transl. J. W. Matthews, 1937. 





Acta, 1939, 22, 1369. 
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Low Copper Special Brasses 


By E. Vadess, E. Lay and J. Fankhaenel 


ARIOUS advantages are offered 

by the special low copper brasses, 
as compared with the normal brasses, 
such as higher mechanical strength 
properties, greater chemical stability, 
and in addition, other valuable tech- 
nical properties, such as applicability 
to use as bearing metals, etc. The 
pioneer work on these alloys was per- 
formed by Reinglass' in 1926: this 
worker made a critical study of the 
effect of the various addition agents, 
such as iron, manganese, aluminium, 
lead, silicon, nickel and tin, on pure 
copper-zine alloys. Reinglass pre- 
pared a classified series of alloys 
containing these addition agents and 
the special brasses developed, with 
multiple addition agents, have sub- 
sequently experienced a fairly con- 
siderable development. In this class 
are met the special low copper brasses, 
containing iron, manganese and lead, 
or iron, aluminium and tin, or iron, 
aluminium, tin and manganese. AIl- 
though in one case, a minimum copper 
content of the order of 53% is en- 
countered in this series, at present a 
practical figure is of the order of about 
58% (German Standard DIN I, 726, 
Feb., 1943). Special brasses with 
copper contents below 50% only 
have practical significance, in the case 
of the nickel containing brasses ; these 
are used at the moment only for 
specialised applications. The replace- 
ment of copper by the appreciably 
dearer nickel, is only feasible if by its 
means, an outstanding improvement 
in the properties of the alloys, is 
effected. 

From the practical point of view, 
those addition agents are to be pre- 
ferred, which if possible, are cheaper 
than the copper. From this aspect, 
zine and iron assume a dominant 
position, and by virtue of their low 
specific gravity, also aluminium and 
silicon. Finally, manganese has con- 
siderations as an addition agent, par- 
ticularly when it is possible to use it, 








1 Reinglass, Die Chemische Technologie der Legierun- 
gen Leipzig, 1926, Otto Spamer, pp. 349-383. 
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not as the pure metal, but in the form 
of an alloyed constituent, especially 
an iron-containing alloy. 

A critical review of the properties 
of the low copper, special brasses has 
been given by Pelzel and Hanel.’. 
These workers have studied the pro- 
perties of the aluminium brasses, with 
the addition of various other alloying 
metals, such as iron, nickel and man- 
ganese. The most important of the 
addition metals are aluminium and 
manganese. Thus a cast brass with 
60% copper and with an addition of 
0-8% Al, possesses a lower elongation 
value than when an equivalent amount 
of manganese is added, while the hard- 
ness value remains unaltered. An 
addition of 2% Al reduces the elonga- 
tion down to 11%, while this value, 
in the case of the alloys containing Mn 
to the amount of 2%, remains un- 
changed in comparison with the alloys 
containing only 0-8% Mn. It is 
found that an addition of iron to the 
amount of 0-9% does not change the 
properties of a 60% brass, appreciably 
more than with equivalent additions 
of Mn or Al. Iron contents up to 1-7% 
have hardly any greater influence on 
the properties of a 60% brass, which 
may be explained by the low solubility 


and hardness ; its elongation value is 
scarcely lower than that of the man- 


ganese containing brass. A nickel 
containing brass, with 55-15% Cu. 
and 2-44% Ni corresponds in its 
mechanical properties to a pure brass 
containing about 57% Cu; it is, 
however, much superior to the 57% 
Cu brass, with 2-66% Mn addition. 
According to M. Hansen,’ the copper- 
zine alloys with 55% Cu and 45% Zn, 
fall into the beta region of the Cu-Zn 
equilibrium diagram; in the slowly- 
cooled condition they are located in 
the alpha-beta region. Alloys, how- 
ever, with only 45% Cu, in addition to 
beta crystals, begin to show also the 
brittle gamma constituent. The alloys 
consist of pure beta crystals, between 
about 53% and 50% Cu, and 47-50% 
Zn. Consequently, pure Cu-Zn alloys 
with copper contents of 50% and under 
are not technically applicable in in- 
dustry, because of the adverse mech- 
anical properties obtained, as a 
result of the structural changes men- 
tioned above. A solution to the 
problem can only be obtained by a 
partial replacement of the Zn portion 
of the alloy, by the known addition 
metals. Aluminium cannot be con- 
sidered as a prominent addition metal 
because it serves to embrittle the 
already weak and hard brass alloys. 
Iron imposes serious technical dif- 
ficulties, because of its low solubility. 


of the iron. Accordingly, in the present work, the 
TABLE L. 
’ POPE sy Wire: Pew tes, ad ist 
Content of Tensile | Elastic Elongation Brinell 

—— _—- — strength } limit. % | Hardness. 

Cu Mn. Ni. | kg. sq. mm, kg. sq. mm, |ke. eq. mm. 

7-07 2-66 | ase a Sa yr ee 

5 | 14-2 | 


Nickel very definitely exerts the 
most favourable influence on_ the 
mechanical properties and chemical 
durability of brass. A comparison of 
the strength properties of nickel and 
manganese brass is shown in Table I. 

From Table I it will be seen that a 
nickel containing brass, in spite of 
having about a 2% lower copper 
content, possesses nevertheless an 
appreciably higher tensile strength 








2 Metallwirtschaft, 22 (1943) No, 27, p. 9. 


effect of manganese additions was 
given prominent study. 

It was established by Guillet‘ that 
the improving effect of a given man- 
ganese addition on the strength pro- 
perties of a brass, is dependent upon 
the crystal structure—i.e., an alpha 
brass is less strongly influenced than 
is an alpha-plus-beta .brass. The 
increase in mechanical strength ob- 

3 Hansen, Aufoan der Zweistofflegierungen, Merlin, 
1936 (J. Springer), p. 655. 

4 Rev. Metallurg. (1905), p. 95 and (1906) p. 243. 
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tained is greatest for a pure beta brass. 
It was shown that with an alpha-plus- 
beta brass, substituting 2% of the 
copper by an equivalent amount of 
manganese, causes no appreciable 
changes in the mechanical properties. 
On the other hand, if the copper content 
is reduced by about 7%, so that the 
alloy possesses a beta structure, then 
the addition of an equivalent amount 
of manganese, will be found to improve 
the tensile strength considerably, with 
a smaller loss in the elongation. Ac- 
cording to Guillet, the solubility 
limits of manganese in a 60% Cu brass 
is around 8%. Comparing a pure 
brass, in the wrought and annealed 
condition, with a special brass con- 
taining 6% of manganese, it has been 
shown that while the alloys containing 
manganese are only a little stronger 
in the alpha region, the difference in 
mechanical strength in the alpha-beta/ 
beta region is considerably greater ; 
the increase in tensile strength, oc- 
casioned by the manganese addition, 
is not a steady increase, but decreases 
in effect as the beta region is ap- 
proached, and in this region, decreases 
very greatly. In the case of a low 
copper brass, with 48% Cu, 3% Mn 
and 49% Zn, it was found that the 
manganese addition suppressed the 
formation of gamma crystals. It was 
found that increasing the manganese 
content in the brass from 3-5% re- 
sulted in a noticeable increase in the 
tensile strength and the elongation 
value. While the texture of the alloy 
containing 3% Mn, still showed gamma 
crystals, the alloy with 5% Mn, was 
found to consist of almost pure beta 
crystals. As with pure brasses, it was 
found also with the manganese brasses, 
that gamma crystals have an adverse 
effect on the mechanical properties of 
the alloys. 

The low solubility of iron in the 
copper-zine alloys, which is practically 
independent of the Cu content, is 
quite well known. As manganese 
forms mixed crystals, not only with 
copper, but also with iron, an improved 
solubility of the iron in manganese 
containing special brasses is to be 
expected. Investigations conducted 
with this object in view, have, how- 
ever, revealed that manganese only 
increases the solubility of the iron to 
an inconsiderable extent. A study 
of the effect of an iron addition on the 
mechanical properties of a _ brass, 
shows that an alloy containing iron, 
has a somewhat better elongation than 
one containing manganese. An in- 
crease in the elongation value, to a 


5 Rev. Metallurg. (1996), p. 258. 
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considerable extent, occurs with the 
simultaneous presence of iron and 
manganese in the brass. There is also 
an appreciable rise in the tensile 
strength. It was also found that Fe 
addition to the brass, reduced the 
embrittling effect of a simultaneous 
Si addition. 

The individual investigations con- 
ducted in the present research, were 
occupied with the influence and im- 
provement of the Cu-Zn-Cu-Zn-Mn 
basic alloys, containing 48-51% cop- 
per by one or more of the metals Fe, 
Al, Si and Pb. The small-scale tests 
were carried out on forged bars, and 
for some of the alloys examined, gave 
strength values of at least 60 kg./sq. 
mm. with an elongation up to 37%. 
With a large-scale test, however, with 
a 20 mm. dia. extruded rod a strength 
value of about 75 kg. per sq. mm. was 
obtained, and an elongation of up to 
26%. After drawing down to 19-5 mm. 
dia. the yield point rose from 26- 
45 kg./sq. mm., and the strength 





the 
elongation value amounted to about 


value to about 79 kg./sq. mm. ; 


21%. The investigation of the mech- 
anical strength values at elevated 
temperatures gave completely satis. 
factory results, taking into account 
the high zine content of the alloys 
examined. 

Exhaustive running tests were con- 
ducted on bearings prepared from three 
different alloy melts of this type. 
The alloys were tested here at a ratio 
of 1/d=1, and with a _ rubbing 
velocity of 2-6 metres per sec., sus- 
tained a loading of about 450/500 kg. / 
sq. em. In one case, even with a 
specific loading of 500 kg./sq. cm., no 
adverse effects were obtained. From 
the running tests, it was possible to 
draw several conclusions regarding 
the possible relationship between tex- 
ture and bearing metal properties of 
the alloys examined. These special 
alloys described are protected by two 
patents (German) with other ap- 
plications pending. 





Stress Corrosion with Steel Bottles for 
Compressed Gas 
By. H. de Leiris, J. Couture and C. Crussard 


A FIEr a very complete analysis 

of the mode of propagation of 
flaws, developing from incipient cracks, 
illustrated by photographs and dia- 
grams of cracks of various types, the 
authors discuss the causes, leading up 
to the point of rupture. They arrive 
at the conclusion that the failure may 
be either due to a localised fault or 
else due to bad quality of the metal ; 
most often, however, it is due to stress 
corrosion under tension. 

This phenomenon of corrosion, act- 
ing through the thickness of the metal 
wall of compressed-gas bottles, causes 
penetrating fissuring, and as these 
fissures appear in great numbers in 
the zone neighbouring the lower part 
of the bottle, in the case of containers 
that are placed so as to lie horizontally, 
one arrives at the natural assumption 
that the corrosion is induced by the 
presence of condensates. 

The study of the factors of this 
fissuring corrosion, as it may be termed, 
demonstrates the primary influence of 
the characteristics of the metal, since 
practically all the containers that have 
failed from corrosion have been fab- 
ricated from alloy steel. The mech- 
anical stresses to which the metal is 
subjected, similarly exerts a profound 





From Metauwr-Corrosion-Usure, Nov.-Dec., 1944. 


influence. The tensile stress acts more 
often by virtue of its own absolute 
value, than by any coincidence with 
the elastic limit or the limit of rupture ; 
raising these limits as the result of 
treatment, exercises in addition, an 
unfavourable influence. 

The alternations of pressure, due 
to the charging of the gas, or to varia- 
tions in temperature, do not appear to 
constitute a markedly important factor 
in the progress of the fissuring. . Re- 
search that has been conducted in 

xermany, has led to the conclusion 
being arrived at, that it is only hydro- 
gen cyanide and its compounds that 
are fundamentally responsible for the 
trans-crystalline corrosion. However, 
according to -Leiris, Couture and 
Crussard, these workers are of the 
opinion that this conclusion needs to 
be accepted with very careful reserve. 
Thus, a classification of the accidents, 
according to the seasons, would lead 
one to think that an increase jn tem- 
perature is favourable to an accelera- 
tion of the chemical phenomena. — 

As precise experience is lacking at 
the moment, the authors are not able 
to dogmatise on the intimate mech- 
anism of fissuring corrosion, under 
tensile stress (stress corrosion). An 
approach may, however, be made on 
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the analogy with hydrogen embrittle- 
ment, caused when a steel is pickled 
in a bath of acid. The hydrogen 
formed by the attack of the acid on 
the metal, penetrates in the atomic 
form through the fissures between the 
crystals, and subsequently passing 
from the atomic to the molecular 
state, is obviously able to develop 
considerable pressure. However, sub- 
sequent consideration shows that no 
real analogy exists between hydrogen 
embrittlement and that occurring in 
the case of the stress corrosion failure 
of compressed-gas bottles ; this latter 
form of corrosion is very rarely inter- 
crystalline. The authors consequently 
conclude that one must admit that 
stress corrosion depends above all on 
mechanical stress, and not on the tex- 
ture or structure of the metal. This 
explains the fact that heat-treated 
plain carbon steels resist the corrosion 
attack better, it appears, than certain 
alloy steels, the hardening addition 
elements of the latter contribute to 
the failure and far from exerting a 
protective effect against this failure, 
have rather the tendency to create 
internal stresses; or to speak in a 
more generalised manner, to form 
zones of stress concentration, where 
the corrosion subsequently propagates 
itself with ease. 

As a commentary on the above, 
some additional details have been given 
in the Journal des Usines a Gaz, 
December, 1945; it is added that a 
study of the above raises the certain 
following reflections: (1) Although 
the German chemists hold that hydro- 
gen cyanide is the dominant aggressive 
agent, French technicians have never 
accepted this particular emphasis on 
the corrosive action of this compound, 
and have found no cause to attribute 
adverse results from its presence ; 
(2) Because of the technical difficulties 
in the way of increasing the resistance 
to corrosion of a metal under tensile 
stress, according to the authors cited, 
the solution would appear to lie either 
in the direction of better purification 
of the gas, before compressing and 
storing.in the bottles, or else by 
applying a superficial protection. 

It is known technically that the 
problem of interior linings to the 
bottle, has not been entirely clarified. 
As regards the purification of the gas, 
this is already pushed to the extreme 
technical limits in the French gas- 
works. Moreover, the fact should not 
be lost sight of that the formation of 
condensates follows an unknown law 
with disconcerting variations. Ob- 
servations made in certain gas-com- 


April, 1946 


pression stations, have not succeeded 
in elucidating, with any exactitude, 
the definite cause of their occurrence. 

The French Ministerial Order of 
July 23, 1943, has taken legal cog- 
nisance of this state of affairs, Section 3 
of the Order concluding in the following 
terms : 

“The materials entering into the 
construction of the equipment, should 
by their nature, offer a sufficient re- 
sistance under the conditions of service 
to the chemical action of the body they 
are destined to contain.” 

From this text, it follows that the 
manufacturers of the steel compressed - 
gas bottles should not put the blame on 
to the coal gas, when fissuring corrosion 
effects the rupture of their containers. 

The French Commission Centrale 
des Appareils (pressure, steam and gas) 
giving due consideration to the pre- 
ponderating influence of tension, as a 
cause of failure, issued the Ministerial 
Order of March 1, 1945, which sets a 
limitation to the amount of work that 
may be performed by a compressed- 
gas steel container, in which the steel 
is not effectively protected, against the 
action of the condensate. 


The efforts that have been made in 
administrative circles and by the 
operators of gas-compressing stations, 
has already borne fruit. During 1943, 
26 accidents were notified, concerning 
gas compressed in steel containers ; 
only six were so registered in 1944 
(four with alloy steel containers, one 
with banded steel, and one with open- 
hearth Martin steel). Only two failures 
were recorded during 1945 (both with 
alloy steel gas bottles). 

Finally, emphasis should be placed 
on a practical recommendation given 
by the authors in the above article. 
The most elementary caution demands 
that one should use in preference, 
compressed gas bottles fabricated in 
ordinary steel, for road _ vehicles 
operated on compressed town’s gas. 
If it be necessary to reduce to the 
absolute minimum the dead-weight of 
the container, users have at their 
disposal bottles of light alloy con- 
truction; this metal appears to be 
apparently insensitive to the action of 
the condensate, and up to the present 
none of these have given rise to any 
failure. 





The Electrodeposition of Nickel-Cobalt- 


Tungsten Alloys from an Acid Plating Bath 
By Paul P. Hoglund and M. L. Holt 


_ electrodeposition of nickel- 

cobalt-tungsten alloys from an 
aqueous plating bath is reported. The 
experimental results show that it is 
possible to electrodeposit such alioys 
from baths prepared by adding sodium 
tungstate to regular nickel-cobalt 
plating baths. The tungsten content 
of the alloy deposit on the cathode 
varied from less than 1% to about 
10% W, and was found to increase in 
this range with: (a) Higher tungsten 
content of the bath; (6) higher bath 
pH; and (c) lower current density. 
The appearance of the deposits was in 
general improved by raising the bath 
temperature, but the tungsten content 
of the alloy was somewhat less at the 
higher temperatures. The cathode 
current efficiency of the nickel-cobalt- 
tungsten bath was found to be some- 
what less than the efficiency of the 
nickel-cobalt bath and varied some- 
what with electrolysis conditions. A 
bright, adherent nickel-cobalt-tungsten 
alloy was obtained on electrolysis, at a 
current density of 1-3 amp./dm.?, of a 
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bath containing 240 g./L NiSO,.6H,O, 
21 g./L NiCl,.6H,0O, 12 g./L CoSO,. 
7H,0, 30 g./L H,BO, and 3-6 g./L 
Na, WO,.2H,0 with a pH of 4-4-5 
and a temperature of 65°—75°C. 

The properties of these alloys have 
not as yet been investigated. It may 
be that they will be found to have 
some special properties, but at the 
present time they appear to have no 
characteristics that may make them 
better than nickel-cobalt deposits with- 
out tungsten. 

The addition of sodium tungstate to 
nickel-cobalt baths changes the proper- 
ties of the baths somewhat. The 
Fink and Lah bath, which normally 
gives a dull-appearing cathode deposit, 
gives a shiny deposit when a small 
amount of tungstate is added to the 
bath, and the Weisberg bath, which 
normally gives a bright cathode de- 
posit, gives a dull deposit when tung- 
state is added. Sodium tungstate thus 
acts as a brightener in the modified 
Fink and Lah bath and it has a culling 
effect on the Weisberg bath. This 
effect, particularly the dulling effect 
in the Weisberg formate bath, needs 








more experimental work before it can 
be satisfactorily explained. The 
tungstate ion certainly disrupts the 
brightening process in the Weisberg 
bath, causing dull deposits. It is 
quite possible that the two brighteners 
are fundamentally different in their 
action. The tungstate ion may cause 
a finer type of crystal structure and 
the proper orientation of the surface 
crystals, while the organic brightener 
cquses a typical, banded-type deposit. 
When the two brighteners are together 
in the same bath it is quite possible 
that the tungsten is codeposited with 
the organic brightener, disrupting the 
characteristic band structure and 
orientation of the surface lattice 
crystals, thus causing a dull deposit. 

Nickel-cobalt-tungsten baths con- 
taining as much as 16 g./L W were 
found to be stable, but in general 
baths containing from 1-4 g. of 
tungsten were the most satisfactory. 
It is quite likely that the tungsten in 
these baths is tied up as a complex 
boro-tungstate, and no doubt the 
presence of a complex increases the 
stability of the baths. 

Conditions of electrolysis had a 
marked effect on the performance of 
the nickel-cobalt-tungsten bath. In 
general, cathode current efficiency 
was best at lower current densities and 
higher bath temperatures. This 
would be expected because of greater 
ion mobility at the higher temperature 
and less tendency for hydrogen libera- 
tion at the lower current density. 


The tungsten content of the deposit 
obtained from the _nickel-cobalt- 
tungsten bath was affected particularly 
by the pH of the bath. It was found 
that the tungsten content of the de- 
posit increased as the bath pH was 
increased. It has been reported that 
the film surrounding the cathode varies 
in stability with the pH of the plating 
bath. Lowering of the bath pH does 
have an apparent stabilizing effect on 
the cathode film, and this may in part 
explain the decrease in the percentage 
of tungsten found in the deposits as 
the bath pH is lowered. As the stabil- 
ity of the film is increased, it may be 
that the larger tungstate ions are 
restricted in this passage through the 
film to the cathode surface and thus 
the smaller hydrogen ions and nickel 
ions are preferentially discharged. 

Considerable work must yet be 
done before the reduction of tungstates 
at the cathode can be satisfactorily 
explained. The negatively charged 
tungstate ion may be tied up in a 
complex and attracted to the cathode. 
As yet no such complex has been 
isolated from the bath. The actual 
reduction process may be gain of 
electrons if the tungstate is present 
in a complex cation or reduction by 
hydrogen if it is present in some 
other form. It is hoped that these 
questions and others can be answered 
before this general study of electro- 
deposition of tungsten alloys is com- 
pleted. 





Zirconium Metal, its Manufacture, 
Fabrication and Properties 
By Donald B. Alnutt and Charles L. Scheer 


LTHOUGH zirconium metal is 
eleventh in the table of abundance 
of elements in the earth’s crust, it has 
been available to man in a useful form 
in the last few decades _ only. 
Berzelius in 1824 was the first to 
obtain metallic zirconium in a rather 
impure form. Metal in powdered form 
of high purity was later obtained by 
Lely and Hamburger in 1914 by 
reducing ZrCl, with Na. Marden and 
Rich in 1920 reduced 2KF-ZrF, with 
aluminium to form an alloy low in 
aluminium. Later the aluminium was 
distilled out by heating the alloy in a 
vacuum to yield a high purity zir- 
conium powder. 
Chemical reduction processes have 
been developed for several other 
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zirconium compounds, using various 
reducing agents. The particle size 
and purity of the metal obtained were 
largely dependent on the local condi- 
tions of preparation. Sometimes large, 
irregularly shaped pieces were obtained 
which possessed a good degree of 
ductility. Many efforts were made to 
use the pressing and sintering process, 
as successfully applied to tungsten, on 
these particles of zirconium. The re- 
sults were entirely negative since none 
of the agglomerates so formed possessed 
any ductility. 

Chemical analyses of these com- 
pressed specimens indicated a very 
high degree of purity and the cause 
for the lack of ductility was not 
thoroughly understood. About 1925 
a method of making ductile zirconium 
was found by A. E. van Arkel and 


J. H. DeBoer. The method is 
based on the fact that certain metallic 
iodides are decomposed by contact 
with a glowing-core wire so that the 
metal is deposited on the wire. In 
the case of zirconium, the iodine serves 
as a vehicle which combines with the 
crude metal at temperatures above 
250° C. forming the tetraiodide. The 
temperature of the process is so con- 
trolled that the tetraiodide is vaporised 
and deposits the pure metal on a 
tungsten-core wire operating at a 
temperature of 1,300°C. Since zir- 
conium has such a strong affinity for 
oxygen, hydrogen, and nitrogen, the 
process is necessarily one involving high 
vacuum of the order of 10—, m.m. of 
mercury. After ductile zirconium 
was prepared in this manner some 
explanation for the behaviour of the 
sintered pieces above could be made. 
It became apparent that the brittle 
material contained gaseous impurities 
which could not be found by ordinary 
analytical methods. 

Wire Fabrication.—The basic 
properties which make zirconium 
metal advantageous for many applica- 
tions proved to be quite troublesome 
in the drawing of this metal to wire. 
The metal work-hardens very rapidly, 
requiring considerable annealing 
throughout the drawing process. Since 
the metal has the property of seizure 
to die walls, a very thin film of oxide 
must be depended on as a lubricant in 
the drawing operation. No other 
lubricant tested so far can withstand 
the pressures involved. The hardness 
of the oxide, which is about 7 on the 
Mohs scale, also makes the cleaning 
and polishing of the arawn wire a 
costly and difficult procedure. In 
spite of all these difficulties, wire has 
been drawn to 0-002 in. (0-05 m.m.) 
dia. with standard commercial equip- 
ment. In the annealed state, wire 
having a tensile strength of 60,000 
to 80,000 Ib./sq. in. (4,200 to 5,600 
kg./em.*) and an elongation of about 
15-20% can be expected. Develop- 
ment work is under way to facilitate 
the wire-drawing procedure and some 
improvement in the physical properties 
may be expected. 

Sheet Fabrication.—Although the 
crystalline bars of ductile zirconium 
as produced by the thermal decom- 
position process are about as soft as 
annealed copper and small sections 
may be rolled down directly to thin 
sheet, it is usually not possible to roll 
wide pieces of metal into thin sheet 
without relieving the strains set up by 
cold working. Thus, it has been 
found possible, with a 4-high mill 
having 2 in. work rolls and 6 in, 
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backing rolls to roll lengthwise the 
original bars to 0-005 in. thick strips 
without annealing. But with such a 
procedure, strips about 0-75 in. wide 
are obtained from which smooth-edged 
strips of only about 0-5 in. can be 
trimmed. If wider sheet is required, 


it can be rolled from short lengths of 


the crystalline bar by cross rolling. 

A combination of rolling, 
annealing and lengthwise rolling was 
found which permits the economical 
production of sheet in sizable quanti- 
ties. This procedure entails cross 
rolling 7-8 in. lengths of crystalline 
bars to a width of 1-25 in., having a 
thickness of the order of 0-020- 
0-030 in. A heavy, breakdown mill 
having 10 in. dia. rolls proved powerful 
enough to handle such lengths of rod. 
After annealing and cleaning, which 
requires special handling, these pieces 
can then be rolled to 0-005 in. thick or 
0-002 in. on the 4-high 


cross 


even to 
mill. 
The annealing of the finished sheet 
could not be carried out in air because 
the oxide films formed could not be 
removed without destroying the 
polished surface imparted to the metal 
by the finish rolls, and since zirconium 
metal combines so readily with the 


gases commonly used for bright 
annealing, such as hydrogen, carbon 
dioxide, nitrogen, etc., the bright 


annealing of the finished strips be- 
comes quite a problem. Fortunately, 
helium has become readily available 
in the last few years and was tried. It 
was found that bright zirconium strips 
brought quickly to red heat in a 
helium atmosphere and allowed to cool 
there remained bright and developed 
a satisfactory softness. The only 
change in appearance was a slight 
yellowing in the colour of the metal. 
Welding-argon containing 2% nitro- 
gen has lately been found to be equally 
satisfactory for the inert atmosphere 
so it has been adopted because, due to 
its density, it was found more readily 
controllable. 

To date zirconium sheet, fully 
annealed and of good surface, can be 
produced in strips up to | in. wide by 
4 ft. long, or in greater widths of shorter 
length. Most sheet is made 0-005 in. 
thick but heavier and lighter sheet can 
be readily rolled to order. Without 
special mills, sheet thinner than 
0-002 in. (0-05 m.m.) must be pro- 
duced by pack rolling, the exact 
procedure for which has not been 
definitely determined. 

Physical Properties. — Zirconium 
takes the hexagonal, close-packed 
crystal structure called the a phase 
as it cools from the incandescent 
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temperature at which it was grown. 
The lattice constants have been 
thoroughly investigated by Burgers 
who also made some careful X-ray 
diffraction measurements at high tem- 
peratures in a vacuum and found 
that zirconium exists in the 8 form or 
as a face-centred cube above 860° C, 
The change-over from £ to a form as 
it cools and from a to f as it is heated 
is greatly influenced by absorbed gases. 

The density has been found to be 
6-48, which makes it closely com- 
parable to iron and only half as dense 
as tantalum. 

Some careful measurements showed 
the coefficient of thermal expansion 
between 100° and 600° C. to be about 
4-7 x 10". This is near enough to 
that of certain glasses to make it 
possible to seal zirconium through 
glass. 

The electric properties have been 
well summarised in a table given by 











Fast. Some of the more important 
data are reproduced in Table I. 

TABLE I. 
Specific resistance in == em. es y : 3-9 x lo 
Conductivity in (=< cm.)-' at 0° C. .. 0-26 x 10-* 


Temperature coefficient of resistance 


(0°-100° C.) es os 6 ee . 0-0045 
Coefticient of spectral emissivity of cubic 

zirconium ¢ red (A = 6,550 A) .. O43 
Thermionic work function of cubie zir- 


conium, in electron volts ow oo O38 





According to some work done by 
Rose, ductile zirconium has a magnetic 
permeability of unity. This makes its 
resistance to high-frequency currents 
comparatively low. 


The tensile strength of zirconium in 
fabricated form is so dependent on 
the amount of work-hardness left in 
the metal that widely varying results 
are possible. The tensile strength, 
hardness and workability are pro- 
foundly changed by the hot absorption 
of very small amounts of gases. Some 
measurements made on the pure, 
unworked metal by I J. Sack and 
reported by DeBoer may be of interest. 
Vickers hardness....82 kg./mm.* using a 10-kg. load 
Micro hardness. .....97 kg./mm.* using a 60-g. load 

Chemical Properties —One of the 
most important properties of ductile 
zirconium is its corrosion resistance. 
The following summary of this property 
is based on the work of Russell, Pray 
and Fink. 

The corrosion resistance of ductile 
zirconium sheet was compared with 
that of tantalum, titanium and 18/8 
stainless steel sheets. Over 20 com- 
mon corroding agents were tried at 
room temperature and at 100°C. The 
alkali resistance of zirconium was 
greater than that of tantalum. The 
two metals showed about the same 
resistance to hot, concentrated hydro- 
chloric acid. Zirconium was corroded 
much less than 18/8 stainless by hot 
75% phosphoric acid. Concentrated 


‘nitric and aqua regia had a negligible 


effect on zirconium. 

From this brief account, it can 
readily be assumed that zirconium will 
one day be of major importance in the 
corrosion-resistant field. 





Aluminium Powder Production 
By G. W. Birdsall 


HE many uses of aluminium 

powders and pastes are enumer- 
ated and a description is given of the 
processes employed by Reynolds 
Metals Co. at Louisville, Kentucky, 
to produce these powders and pastes. 
All granulated powder produced at 
Reynolds is made by atomisation. 
Pig is melted in a reverberatory type 
furnace, fired by a single oil burner. 
Metal is melted continuously to pro- 
vide a constant level at two outside 
wells where the atomising heads are 
immersed in the molten metal. As 
molten aluminium flows through a 
small orifice in the atomising head, it 
strikes a stream of compressed air. 
This forms a spray of metal which is 
directed vertically up a stack. There 
it freezes to form fine particles, roughly 
teardrop or spherical in shape. These 
are then collected in bags as granulate 
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aluminium powder. A single furnace 
with its four atomisers can produce 
some 25,000 lb. of aluminium powder 
every twenty-four hours. 

Regardless of the extreme precau- 
tions to guard against an explosion, 
there is always that possibility when 
working with powdered aluminium. 
So the entire plant is planned to 
minimise the damage that might result 
and to reduce the hazard to the work- 
men. Buildings are spaced sufficiently 
far apart to localise any damage that 
might occur. The buildings are con- 
structed with rather solid walls and 
exceptionally light roofs so that most 
of the effect of a blast would be 
directed upwards. Besides being care- 
ful to avoid explosive mixtures of 
powder in the air, every means is taken 
to prevent any condition that would 
ignite the powder. 

Fire hazards are controlled by good 
plant housekeeping and by keeping the 
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powder in smal] amounts in individual 
covered containers, thus reducing 
amount of material at any single point. 
A ground wire is attached to every 
container. All buildings are equipped 
with numerous lightning rods to reduce 
lightning hazards, and each machine 
is grounded. Since some people may 
be allergic to the mineral spirit used 
in paste production, employees are 
examined periodically. In general, 
powder production involves no health 
hazards. 

Producing flake powder by stamping 
requires a number of operations. Raw 
material for stamped flake powder is 
largely pure aluminium foil that comes 
from the Reynolds foil plants. This 
foil is extremely thin, ranging from 
0-001 down to 0-00017 in. in thickness. 
First step in the powdcr plant is to 
anneal the baled foil in pit-type kilns 
at a temperature of about 800° F. 
The clean annealed foil now goes to a 
rotary type hammer mill which re- 
duces the foil so it will all pass through 
a screen with } in, openings, then the 
material goes to a second building 
where the next step is hammering in 
vertical mills. These have 12 individ- 
ual piston-like hammers with weights 
on their upper ends. Hammers are 
lifted by a rotary cam and allowed to 
fall by their own weight. Resulting 
blows against the materia] placed in the 
work chamber reduce the size of the 
foil pieces rapidly. Foil particles now 
will pass through a screen with 20 
openings to the inch (20-mesh screen). 
From here, the material goes to a third 
building and into another type of mill. 
These units have 16 hammers with 4 
hammers per pot. They operate 
somewhat faster. Material is charged 
into the pots every hour, discharge 
being continuous. Powder coming 
from these units will pass through 40- 
to 300-mesh screens, depending upon 
the time treated. Air is used in these 
hammer mills to convey the material 
from point to point, providing the 
means for agitating and moving the 
material Ground in the pot to assure 
that all portions of it are worked 
equally. The air also helps to keep 
the temperature down. Size of parti- 
cles discharged is influenced by the air 
pressure and size of jet or nozzle open- 
ing. To prevent the small particles 
from becoming welded together under 
the hammer blows, a lubricant in the 
form of stearic acid is employed. The 
powder is now screened to grade and 
is then in its finished form. 

Some of the powder is polished. 
This is accomplished in drums equipped 
with multiple bristle brushes which 
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revolve at 100 r.p.m. The operation 
may take 16 to 24 hours. Reynolds 
engineers recommend the proposed 
method of the A.S.T.M. as offering the 
most consistent and truest evaluation 
of particle size. Leafing properties 
must be checked by a standardised 
method if results are to be consistent. 
This also applies to stability tests for 
aluminium pastes and checks for 
opacity, smoothness, sag and colour of 
aluminium paints. 

Most aluminium pastes are made by 
reducing foil or granulated powder by 
grinding with steel balls in a ball mill. 
As grinding progresses, the aluminium 
particles are flattened out aad addi- 
tional surface aree produced. Air is 
supplied continuously to oxidise the 
new surfaces as fast as they are formed. 
From the ball mills, the slurry goes 
through a filter press to begin the 





removal of excess liquid. A filter cake 
just taken from the plate and frame 
type filter press contains about 70% 
aluminium with 30% spirits. When 
the filter is first started, some powder 
comes through, but the cake builds up 
rapidly, and that coming through first 
is re-run to be caught in the cake. 
Vacuum driers then reduce the spirit 
content to any value desired. A very 
high vacuum equivalent to 1 m.m. 
of mercury can be produced in these 
driers, each of which handles 500 |b. 
of paste at a time. Operation for 2 
hours will remove 90° of the remain. 
ing spirit, while 6-7 hours will com- 
pletely dry the mixture when dry 
powder is desired. Thus powder as 
well as paste can be made in this 
manner. 
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A Photoelectric Instrument for Direct 


Spectrochemical Analysis 
By J. L. Sanderson, V. J. Caldecourt and E. W. Paterson 


HE direct reading spectrometer 
described in detail has been in use 
for nearly one year in an alloy plant 
of the Dow Chemical Co. producing 
magnesium alloys. The apparatus, 
which is used for routine analysis, is 
operated entirely with non-technical 
personnel and the analytical results 
are equal and in some cases superior 
to those obtained with conventional 
photographic methods. The operation 
of the instrument is entirely automatic 
from the time the sample electrodes 
are loaded into the clamps until a 
record is obtained 40 secs. later from 
which the analysis of seven elements 
can be read with the aid of calibrated 
scales. 

The instrument comprises a specially 
made grating spectrometer in a ther- 
mostatically controlled airtight case. 
Exit slits are situated in the positions 
of the spectrum lines required for 
analysis, and provision is made for 
background intensity measurements 
in the immediate vicinity of the spec- 
trum lines. Light corresponding to 
the spectrum line and to the back- 
ground is separated into two beams 
by a small prism, beams being suffi- 
ciently far apart for a shutter to cut 
off one or the other. After passing 
through the shutter the beams are 
focussed by means of fused quartz 
lenses on to photo-multiplier tubes. 
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Aluminized mirrors are used where 
necessary to deflect beams on to the 
appropriate multiplier tubes. The 
use of these focusing lenses eliminates 
effects due to motions of the source 
and consequent variations in the out- 
put of the multiplier tubes. 

The electrical circuits used with the 
multiplier tubes permit the integration 
of light intensities over a sparking 
period of 20 secs. The currents from 
the tubes are stored in condensers 
during the 20 secs. sparking period. 
Reversing relays between the multi- 
plier tubes and the condensers operate 
in synchronism with the shutter which 
alternatively allows the spectrum line 
and the background intensity to fall 
on the multiplier tubes. In this way 
the condenser of each multiplier tube 
is alternately charged with the photo- 
current from the intensity of the lino 
plus background and then discharged 
with the photo-current from the 
intensity of the background. The 
time spent by the shutter in each 
position is made equal to | sec. so that 
a complete cycle takes 2 secs. and 10 
such cycles occur in the normal spark- 
ing time of 20 secs. By this arrange- 
ment the background intensity and 
also the dark current of the multiplier 
tubes are automatically corrected. 

When the sparking period ends other 
relays operate to allow the condensers 
to discharge through resistances the 
discharge currents being amplified. 
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Each amplifier is set to operate a relay 
when the potential of the grid falls to 
some small voltage. The output of 
the amplifiers is made to operate the 
recording device which therefore 
records the time taken by the con- 
densers to discharge from the potential 
to which they had been charged by the 
photo-current to some small potential 
at which the amplifier is set to operate 
a relay. A strip of recording paper 
moving at uniform speed is made to 
record a line whose length is propor- 
tional to the difference in time re- 
quired for two condensers to discharge 
from their initial voltage down to the 
same small voltage. This time is a 
measure of the relative intensity of the 
two spectrum lines. 

Choice of condensers and calibration 
of the instrument are discussed at 
some length. 

The laboratory in which the instru- 
ment is located is in the basement of 
the alloy plant and is connected with 
pneumatic tubes to three stations on 
the floor above. Samples are received 
and results returned through these 
tubes. Both temperature and humid- 
ity are controlled within the labora- 
tory. At present each sample is run 


twice, reversing the ends of the elec- 
trodes for the second run so that the 
effect of non-homogeneity of the 
sample is minimised. Under these 
conditions results are usually returned 
in less than five minutes from the 
time the sample is received. 

In conclusion, some results are 
given for the precision with which a 
number of elements are determined in 
magnesium alloys. The data were 
taken over a period of six days during 
which the instrument was operated 
continuously. It is concluded that 
control of the line voltage to the spark 
cource and better reproducibility of 
the electrode shape would materially 
reduce the magnitude of observed 
drift, and that the direct reading 
spectrometer itself is essentially free 
from drift. For elements present in 
small concentrations (Si and Be) the 
direct reading spectrometer is at least 
equal to photographic methods both 
in regard to sensitivity and accuracy. 
At the higher concentrations the 
instrument has equal or superior 
accuracy than is usually claimed in the 
literature for the photographic method 
in magnesium alloys. 


Fatigue Strength of Hardened Steels 
By H. Staudinger 


LTHOUGH it is quite well known 

that structural parts which have 
been ground and have received 
scratches in this treatment show an 
inferior fatigue strength under opera- 
tional stresses, no definite numerical 
values have so far been established. 
Such scratches originate only in a 
wrong grinding practice of hardened 
and case-hardened structural steels and 
hardened tool steels if the Rockwell C 
hardness exceeds 58 to 60 or the 
Vickers hardness 700; they are 
observed only by the magnetic test 
for cracks. 

Bending fatigue tests were therefore 
made with a chromium-molybdenum 
ease-hardening steel ECoM 80 and, for 
comparison, a molybdenum-free case- 
hardening steel EC 80, with flat speci- 
mens of 2-5 < 15sq. mm. section and 
8 x 25sq. mm. section. The results 
showed that the fatigue strength of 
both steels, with about 0-5 mm. deep 
ease-hardening of 60-62 Rockwell C 


surface hardness, is lowered by about - 


two-thirds, and in nitriding steels, with 
0-5 mm. deep nitrided layer’at 880-900 
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Vickers surface hardness, by about 
one-third, as compared with the 
bending fatigue strength of undamaged 
hardened samples of the same heat- 
treatment. 

Hardened steel of about 110 kg. per 
sq. mm. (156,500 p.s.i.) loses about 
20% of its core strength by grinding 
with too hard grinding wheel or too 
great feed. In order to avoid grinding 
scratches or cracks, not only the 
grinding wheels must not be too hard 
but the grinding conditions, as speed, 
feed and advance, should be moderate, 
and wet,grinding with continuous flow 
of cooling agent of not less than 20C 
should be applied. Work piece and 
grinding wheel should preferably touch 
in a line, as surface touch may result 
in burning. 

Experience has shown that the 
sensitivity for grinding cracks is less 
if the surface hardness of case-hardened 
steels is below 60-62 Rockwell C, and 
the case-hardened layer does not have 
a strongly pronounced cementite struc- 
ture. The danger of grinding cracks 
is also diminished by stress-relieving 
after the final hardening at 160 to 
170 C for at least 1 to 2 hours. 


Structural Changes in 
Carbon and Molybdenum 
Steels during Prolonged 
Heat at go0-1,000° F, 

HREE carbon and six molybdenum 

steels were heated at 900°—1,000° F 
over periods up to 5,000 hours 
and examined -for hardness and 
microstructure. The hardness of most 
carbon steels first increased slightly 
with time, and then decreased; the 
changes were not affected by de- 
oxidation.. The maximum increase 
was found for the annealed samples 
held at 1,000° F. The hardness of 
the molybdenum steels followed the 
general pattern of that of the carbon 
steels ; however the hardness of the 
normalised samples increased initially 
(more slowly, but to a higher value the 
lower the temperature), and then 
decreased in a way characteristic of 
precipitation hardening systems. 
Spheroidisation was generally more 
rapid in the normalised steels than in 
the annealed steels, but this effect was 
less marked in the carbon steels. In 
the normalised carbon steels the rate 
was highest in the titanium treated 
steels. In the molybdenum steels the 
rate increased with increasing silicon 
plus aluminium addition; large alu- 
minium addition without silicon was 
associated with a lower rate, probably 
owing to a coarser initial micro- 
structure. Graphite formed in all 
carbon steels, and at about the same 
rate in normalised and annealed speci- 
mens. In the six molybdenum steels, 
it formed only in the three to which 
aluminium had been added; in these 
the rate seemed to be the greater the 
higher the silicon content. 





G. V. Smith, R, F. Miller, and C. O. Torr, Combus- 
tion, 1945, 17, 3, 41-4. (rom Che aical Abstracts) 


Hafnium 
N 1911 the French chemist Georges 
Urbain announced the discovery 
of a new element which he called 
celtium and which he assigned to the 
rare earth group. Niels Bohr 
challenged Urbain's findings, doubting 
very much that the element belonged 
to the rare earth group. He therefore 
consulted Dirk Coster of Groningen 
and George von Hevesey working’ in 
Bohr’s laboratory at Copenhagen. In 
1922 these two investigators positively 
identified the new element and named 
it Hafnium (Latin for Copenhagen). 
They used Moseley’s method of X-ray 
analysis. 
Metallic Hafnium is readily prepared 
by the de Lodyguine method: HfI, 
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ELEKTRON 


THE PIONEER MAGNESIUM ALLOYS 











The proved ELEKTRON alloys are produced in all forms 
by the most accomplished founders and wrought material 
manufacturers. ELEKTRON used in aircraft means 
increased carrying capacity. 


























decomposing on an incandescent fila- 
ment. 

Hafnium up to about 5% occurs in 
all zirconium ores and most of the 
“zirconium ” metal prepared previous 
to 1922 contained hafnium. There are 
no minerals known with hafnium as 
main constituent although the metal 
is more abundant in the earth’s crust 
than either copper or boron, and 
10 million times as abundant as gold. 

The separation of hafnium from 
zirconium is a difficult and tedious 
procedure. Starting out with the 
mineral zircon, this is fused with acid 


ammonium fluoride, leached with 
sulphuric acid and reduced with sul- 
phurous acid, resulting in a precipitate 
of Zr(OH), and Hf (OH),. These 
hydroxides are converted into the 
corresponding double potassium 
fluorides and these are separated by 
fractional crystallisation. The K,HF, 
is reduced to metal by potassium. 
Hafnium has a specific gravity of 
13-31, atomic weight 178-6, and a 
work function of 3-53 e V for the 
cubic Hf and 3-20 e V for the hexa- 


gonal modification. 
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Silver-Thallium Antifriction Alloys 
By F. R. Hensel 


HE possibilities of silver-thallium 

alloys for antifriction alloys were 
studied. In the beginning of the work 
only fused alloys were investigated, 
but later, research was carried out on 
electroplating methods and diffusion 
processes. In preparing the fused 
alHoys whose compositions are given in 
Table I and which were melted in 
clay-graphite crucibles and cast into 
preheated steel moulds, care was 
taken to exhaust the toxic fumes 
caused by the thallium content. In the 
east condition the alloys showed a 
cored structure and to obtain 
materials of true solid solution type, 
homogenising treatments at 450 to 
550° C. had to be applied depending 
on the thallium content. 


TABLE I. 
COMPOSITION OF FUSED SILVER-THALLIUM 





ALLOYS. 
AlloyNo. | Thallium % 
1533 0-48 
1534 1-06 
231HT | 2-04 
231 2-10 
232HT 3-83 
232 | 4-07 
233HT 5-86 
233 6-38 
234 O-R4 
234HT 10-07 





The effect of increasing percentages 
of thallium on the electrical con- 
ductivity was to cause a steep drop 
which indicated the formation of silver- 
thallium solid solutions up to about 9 
to 10% thallium, at which percentage 
the conductivity curve flattened out. 
This was in agreement with the 
microscopic data. Tensile strength, 
elongation and reduction of area also 
dropped with increasing thallium con- 
tent, the values in the homogenised 
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condition being higher in almost all 
specimens than those in the as-cast 
condition. The hardness, however, 
showed a somewhat erratic behaviour, 
particularly in the alloys of lower 
thallium content. 

Silver-thallium alloys ranging in 
thallium content from a few hun- 
dredths per cent. up to 11-35%, were 
prepared by electroplating from cyan- 
ide or perchlorate solutions. The 
physical properties of the deposit were 
affected by the current density and 
suitable deposits were produced by a 
current density of 5 amps. per sq. ft. 
Homogenising treatment of electro- 
plated alloys eliminated internal 
stresses, preferred orientation and 
non-uniform grain size. A 2-12% 
thallium alloy as plated had a tensile 
strength of 21 tons per sq. in., while 
the same alloy, homogenised for 1} hr. 
at 500° C., had a tensile strength of 
13-5 tons per sq. in. A microexamina- 
tion of a 1-8% thallium-silver electro- 
deposited alloy showed a fine grained 
area with random crystal orientation 
adjacent to the steel on to which the 
alloy was plated, and X-ray back 
reflection photographs showed pre- 
ferred orientation. 

Since the alloys were to be used for 
antifriction purposes where the bearing 
surface alone was of prime importance, 
the preparation of such surfaces by 
diffusion was studied by plating a 
predetermined amount of thallium on 
to silver and subsequently heating the 
sample to various temperatures for 
various lengths of time. Diffusions 
experiments were also carried out in 
which indium and thallium in com- 
bination were diffused into the silver. 
Alloy layers containing 2 to 3% 
thallium of a depth of 0-003 in. were 
produced by carrying out the diffusion 


process at 600°C. for 6 to 12 hr. in 
hydrogen. 

Asmler seizure tests run on two types 
of shafts, polished and ground, showed 
that thallium improved the seizure 
resistance of silver against a ground 
shaft, although decreasing it some- 
what against a polished shaft. The 
alloy containing about 2%, thallium 
appeared to be the best.  Silver- 
thallium alloys were somewhat more 
seizure-resistant when heat-treated 
than as cast. Plated thallium-silver 
alloys showed promising results. The 
highest final seizure loads on a ground 
shaft were 55 kg. for the fused silver 
alloy containing 2-1% thallium and 
57 kg. for the plated silver thallium. 

Corrosion tests were carried out 
using oil whose oxidation to corrosive 
substances was catalised by iron 
naphthanate and in oil in which the 
corrodent was oleic acid. From these 
tests it was found that thallium-silver 
alloys were more resistant to corrosion 
than were high lead-silver alloys and 
copper-lead alloys. In only one test 
of the heat-treated 6% thallium alloy 
was there appreciable corrosion. 

Silver-thallium alloys containing 
approximately 1-8% thallium, fused 
directly to steel and rolled and formed 
into half shells, passed the General 
Motors bearing test satisfactorily and 
showed no fatigue failure of the bond. 


Fluxing Molten Alumin- 
ium with Dry Nitrogen 
By P. M. Hulme 


ITROGEN gas is now being used 
as a fluxing agent for molten 
aluminium with complete success in 
several foundries producing high grade 
aluminium castings and _ results 
obtamed are equal to, or better than, 
those achieved with chlorine gas with 
the added advantage of lower cost and 
the non-toxic characteristics of nitro- 
gen. It is also being used in increasing 
quantities as a flux in reverberatory 
furnaces. While the non-toxic charac- 
teristic of nitrogen is perhaps its chief 
attraction, the high quality of casting 
metal produced by fluxing with this 
gas is a point of equal importance. 
The effect of bubbling gas through 
molten aluminium is threefold. First, 
the rising bubbles gather the finely 
disseminated slag and dross particles 
and bring them to the surface where 
they can be skimmed off. The second 
effect of gas fluxing is that the rela- 
tively large bubbles of gas trap the 
minute bubbles of air and other 
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entrapped gases and bring them to the 
surface, Third, a large proportion of 
the dissolved or absorbed hydrogen 
in the molten aluminium passes by 
diffusion into the rising gas bubbles, 
thereby reducing the hydrogen content 
of the metal. The rate of hydrogen 
removal diminishes as each bubble of 
nitrogen picks up increasing quantities 
of the gas and as the hydrogen con- 
centration of the metal diminishes. 
The removal of every molecule of 
hydrogen would therefore be an im- 
possibility, regardless of the method 
of fluxing, but for practical purposes 
the continuation of fluxing for 15 to 
20 minutes will reduce the hydrogen 
concentration to a point where it will 
not appreciably impair the soundness 
of the aluminium casting. 

The use of excessive quantities of 
nitrogen is unnecessary, and to bring 
finely disseminated foreign matter to 
the surface a gentle bubbling action 
will suffice, whereas turbulence is 
undesirable. The action of nitrogen in 
removing hydrogen is of a scavenging 
nature, as the dissolved gases diffuse 
into the nitrogen bubbles and are 
carried away by it. The rate of removal 
is therefore dependent upon conditions 
promoting a high rate of diffusion and 
this action can take place faster with a 
large number of small slow-rising 
bubbles having a large total surface 
area contacting the molten metal than 
it can with a few large rapidly rising 
bubbles having less surface area. A 
slow rate of gas injection can be made 
to produce such a multitude of small 
bubbles, while rapid injection naturally 
produces larger bubbles. 

The method of introducing nitrogen 
into a melt is the same as that used for 
chlorine. The total volume of nitrogen 
required has been ascertained by tests 
to be 1 cu. ft. per hundred Ibs. of 
aluminium, and the flow rate and gas 
pressure vary, increasing with the depth 
of the metal and the size of the melt. 
In fluxing 800 lb. melts 24 in. deep, a 
nitrogen fiow rate of 24 cu. ft. per hr. 
at a pressure of 2 lb. per sq. in. is 
successful, the time required being 20 
minutes. It is essential that the grade 
of nitrogen used in fluxing aluminium 
be dry nitrogen free from the smallest 
trace of water vapour. 

The advantages of nitrogen fluxing 
of aluminium in crucible furnaces for 
pouring into castings has been fairly 
thoroughly investigated, and on the 
basis of both X-ray photographs and 
physical tests, nitrogen has been found 
to produce sound cast metal so far as 
the fluxing of impurities is concerned. 
Nitrogen has also been found satis- 


factory for fluxing aluminium in 
reverberatory furnaces producing cast- 
ing ingots and fabricating ingots. The 
gas is introduced into the melt in the 
same way as for crucibles except that 
two or more pipes are used at each 
furnace opening to cover as large an 
area of hearth as possible and thus 
speed up the operation. Fluxing in 
such furnaces is always done with the 
fire off, after superheating sufficiently 
to leave the metal at the desired 
temperature after the fluxing period. 
This is done to reduce the concentra- 
tion of water vapour and combustion 
gases in furnace atmosphere. The 
advantages of fluxing in the reverbera- 


tory furnace are, in the case of casting 
ingots, that the refined metal is clean 
and is more uniform for use in the 
foundry, requiring less fluxing in final 
melting prior to casting; and, in the 
case of ingots to be used for rolling 
extrusion or other fabricating process, 
the free from 
porosity. 

Fluxing with nitrogen also aids alloy- 
ing due to the agitation caused by the 
gas bringing about a better mixture of 
metals of widely different densities 
such as copper (8-4) and aluminium 
be obtained in a 


metal is clean and 


(2-7) than would 


quieter bath. 


Electrochemistry of the Rare Earth Group 


By B. 8S. 

HE metals of the rare earth group 
are not readily obtained by ther- 

mal reduction by the of such 
reducing agents as hydrogen, carbon, 
calcium or sodium. In addition to the 
production from their amalgams, those 
with smaller atomic weights may be 
obtained by electrolysis of fused salts. 
Anhydrous chlorides were most suc- 
cessful and the addition of sodium 
chloride increased the fluidity of the 
bath but did not contaminate the 
metal product. Usually a graphite 
crucible was used ; sometimes this was 
lined with tungsten or molybdenum. 
The crucible generally served as the 
eathode while the anode consisted of 
graphite, tungsten or nickel. Low 
current densities gave the best results, 
since higher densities produced con- 
siderable oxidation of the deposited 
metal. Quite pure yttrium, lan- 
thanum, cerium, praseodymium, neo- 
dymium and samarium have been 
obtained in this way. Metals of high 


use 
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atomic weight cannot be prepared by 
this method because, as the atomic 
weight increases, the volatility of the 
chlorides increases. Compare the melt- 
ing points of the chlorides in Table I. 
The best known metal product of 
the rare earth group is the substance 
called misch metal, which is generally 
sold commercially as “‘ cerium.”’ This 
is a mixture of rare earth metals, con- 
sisting chiefly of cerium, lanthanum, 
praseodymium and neodymium, with 
traces of the other members of the 
group. Misch metal is produced by the 
electrolysis of fused anhydrous chlor- 
ides to which are added alkali halides 
or alkaline earth halides. The cell is 
usually an iron pot ; the metal collects 
in the bottom and is siphoned off at 
intervals ; it contains some iron and, 
if more iron is added, the pyrophoric 
properties are greatly increased. Auer 
metal contains 35% iron and 65% 
misch metal. It is the brilliantly 
pyrophoriec alloy which is familiar in 
cigarette lighters, gas lighters, hand 
grenades and tracer bullets. 


“ 


TABLE [I.—APPROXIMATE PROPERTIES OF SOME RARE EARTH METALS, 


Melting | 
Point 
of the 

Chloride 


Melti: g 
Point 


Colour 
826° C. 


Lanthanum 907°C.) 


Lead grey 


Cerium Steel grey 645 S48 | 6-9 


Praseodyrmium Yellow 


Neodymium Yellowish 


Grey 
Grey-black 


Samarium 
Yttrium } 
| 


* Cerium in the form of a fine powder ignited spontaneously. 


=pecific 
Gravity 


6-15 


| | Heat of 

| Forma- | 

Kind- | tionof | 
ling | Oxide 
Temp. | kg./cal, 


| Brinell Characteristic 
| Hard- 
ness 


| 37 445°C.) 456- Tarnished in air, not 

} ductile, slightly malleable 

Tarnished in air, not 

affected by boiling water, 

pyrophoric, alloyed with 
Mg, Fe, Ni. 

7 |Silvery, tarnished slowly, 
hot water and acids 
liberated H,, not pyro- 
phoric. 

/Tarnished slowly, alloyed 
with Fe, Al, Ni, Cu; not 
pyrophoric. 


42 «#| «#2130° 


Powder, crystalline, 
\brittle. 
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